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ABSTRACT

This report contains the analysis and experimental model
testing of the Dynamic Antiresonant Vibration Isolator
(DAVI) conducted under a research contract DA 44-177-
AMC-196(T) at Kaman Aircraft Corporation, Bloomfield,
Connecticut, sponsored by U, 8, Army Aviation Materiel
Laboratories, Fort Eustid«, Virginia,

Theoretical analysis was conducted on the basic DAVI con-
figuration (DAVI &) to determine the vibration isolation
performance with damping and to determine the shock
transmissibility equations of the DAVIel with and without
damping. Theoretical analysis was also done on the Series-~-
Damped DAVI (DAVI 7”7) to determine optimum damping.

Experimental model testing was then done by investigating
various means of achieving damping in the configuration
to determine its effect on the isolation and to determine
the best possible pivot arrangements. From these results,
an optimum experimental DAVI design was obtained.

An experimental platform was constructed utilizing four
optimum DAVI models for isolation. This configuration
utilizing the DAVI®. was capable of testing up to 200
pounds, and the frequency was varied from 5 c.p.s. to 100
C.Pes. to obtain the transamissibility curves. Drop tests
of the DAVI platform were done and compared to drop tests
of conventional spring-mass systems with the same spring
rate,

Results of the analysis and model testing show the DAVI

to be capable of over 98-percent isolation at very low
frequencies with low static deflections. The isolation
provided by the DAVI ol configuration, at a tuned frequency,
is independent of the mass of the isolated item. Analysis
and drop tests show that the DAVIol gives better shock
transmissibility for its fundamental mode than a conven-~
tional isolation system with the same gpring rate.
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POREWORD

This research program for the study of the Kaman Dynamic
Antiresonant Vibration Isolator (DAVI) was performed by
Kaman Aircraft Corporation under Contract DA 44-177-AMC-
196(T) for the U.S. Army Aviation Materiel Laboratories
(USAAVLABS), Fort Eustis, Virginia,

The program was conducted under the technical direction
of Mr, J. E. Yeates, Aeromechanics Group Leader, and
Mr. J. H. McGarvey, Contracting Officer's Representative,

Principal Kaman personnel in this program were

Messrs, R, C. Anderson, Project Engineer; M, F. Smith,
Research Engineer; l. A. Cooke, Research Technician; and
J. C. Wilson, Research Specialist, The work was done
under the direction of Mr, R, Jones, Chief of Vibrations

Research and Mr., W, G, Flannelly, Assistant Chief of
Vibrations Research,

Appreciation is due Dr. Howard Butler, Rensselaer Poly-
technic Institute Hartford Graduate Center, for his
assistance while serving as consultant for Kaman Aircraft
Corporation,
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INTRODUCTION

VIBRATION AND SHOCK ISOLATION - THE STATRE OF THE ART

Shock or vibration isolators are resilient mounts placed
between a piece of machinery or equipment and its support-
ing structure to attenuate the transmissibility of tiwme
dependent loadings from the machinery to the structure,

as in the case of reciprocating engines, or from the
structure to the equipment, as in the mounting of delicate
instruments in vehicles. When the loadings are applied
suddenly, producing a transient response in the isolated
item, the condition is referred to as shock. When the
loadings are periodic and sustained for periods of time
which are long in comparison to their period, the dis-
turbance is classified as vibration.

All present shock and vibration isolators are basically
only springs. Vhether they incorporate damping or not,
wvhether they are linear or nonlinear, metallic, or non-
metallic, their primary function is to act as purely
resilient elements.

All present vibration isolators operate on the same
principle: the transmissibility (that is, the ratio of
the displacement of the isolated item to the displacement
of the opposite end of the isolator) is less than one
only if the natural frequency of the isolated mass on the
isolator is less than the excitation frequency divided by
the square root of two, It is impossidble, for example,
to obtain 90-percent isolation (0.1 transmissibility)
with a conventional isolator unless the natural frequency
of the isolated mass on the isolator is less than one-
third the forcing frequency. Incorporation of viscous
damping requires a still lower ratio of natural frequency
:o :orctng frequency to achieve the same amount of iso-
ation,

THR PROBLEM WITH CONVENTIONAL ISOLATORS

The matural frequency of a single-degree-of-freedom body
sounted on a spring is a function of its static deflection
oaly. The static deflection is defined as the asount the
spriag deflects under the weight of the body it supports.
The greater the isolation desired, the larger the static
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deflection becomes, allowing larger excursions of the iso-
lated body under a periodic excitation, such as maneuvers
of a vehicle. Because the most severe shock loads occur

in bottoming of the isolator, the '"soft" mounting desirable
from a vibration standpoint may be dangerous from a shock
standpoint unless the body is permitted an extremely large
space in which it can move under purely elastic restraint,

For many reasons, the amount an isolated item can be
allowed to deflect under load is necessarily limited, es-~
pecially in vehicles. The isolated equipment must ultimately
be connected te structure through pipes, wires, linkages,
or similar connectors which will be affected by large de-
flections. Solder joints, .or example, often fail in
fatigue, resulting from continual deflection of wires.
Space is generally limited to some degree. The most seri-
ous prohibition on large deflections is caused, however,
by considerations of stress and elastic stability in the
mounts themselves.

In the isolation of items from small deflections at very
high frequencies, these problems are not conspicuous, but
they are so obviously serious in the lower frequency range
that they have most often rendered isolators entirely
useless for vibration attenuation. Crede (Reference §5)
notes, for example, that "The steady-state vibration of

a Naval vessel occurs at a frequency that is generally too
low to permit effective vibration isolation"., He con-
tinues to explain that "The general philosophy in the de-
sign of isolators for Naval shipboard service is to design
for protection against severe shock and, at the same time,
to avoid excessive amplification of the steady-state vi-
brations". Plunkett, in Reference 9, concluded that
vibration and shock isolation are incompatible requirements
in the case of submarines. Most of the isolators used in
helicopters are incorporated for shock loading only;
insofar as vibration is concerned, they act as magnifiers,

It is a rule of thumb that isolation of frequencies below
about 18 c.p.s., through the use of isolator mounts, is en-
tirely impractical in vehicles. Unfortunately, most of
those frequencies of vibration most distressful to the
buman body are below this figure (Reference 10) as are
some of the problematical structural vibrations in missile
work, such as those due to buffeting at maximum dynamic
pressure and the "Pogo Effect" in the Titan 1I.

P
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The solution to these problems is to provide a device
which will give a very high percentage of isolation with
a very small static deflection.

ISOLATOR APPLICATIONS BEYOND THE STATE OF THE ART

The isolation of decks, cargo pallets, passenger seats,
and other devices in which the supported mass undergoes
large changes is not practical with present isolators.
Because the natural frequency is a function of the iso-
lated mass, a passenger seat, for example, would magnify
the vibrations when lightly loaded or empty. A partially
loaded isolated cargo pallet would make the vibrations
substantially worse than the vibrations it is supposed
to attenuate.

To implement the vibration isolation of such devices, an
isolator is required which will provide substantially the
same degree of isolation irrespective of the load carried.
The effective application of such an isolator to surface
ships, helicopters, ground vehicles, pneumatic tools, etc.,
could be of great practical significance.

THE DAVI

The DAVI is a passive vibration isolation device which
can provide a high degree of isolation at low frequency
with very low static deflection. At a predetermined
antiresonant frequency, the nearly zero transmissibility
across & DAVI is independent of the mass of the isolated
item. Analysis and test show that the DAVI gives sig-
nificantly better shock isolation for its fundamental
mode than a standard isolator.

This report discloses the results of an analytical and
experimental research contract on the DAVI, It was con-
ducted at Kaman Aircraft Corporation and was ~ponsored

by UBSAAVLABS under Contract ~44-177-AMC-196(T). The
theoretical phases 0of this program successfully established
the parameters of consequence to vibration and shock
isolation obtainable from a DAVI, and the experimental
work on a DAVI working model corroborated analytical
predictions of the DAVI concept in vibration isolation,




THRORETICAL ANALYSIS

DAVI X

Figure 1. DAVI X

The energies of this system are written as follows:

Kinetic Energy: ile .
TegMpZp'+3 16 + 3 m 2t (1)

Potential Energy:

Ve Ko (2p-25)° (2
Dissipation Function:

D = 3Cp(2p-2,)" (3)

The equation of motion, applying Lagrange's equation, is:

[M°+7‘.,+m.(l--§-)z] Zo+ Coéo + Xy Zp

o o (4)
=[L-mB (-B) JEs +coEs +xp2g




Assuming a steady-state sinusoidal soluticrn, the trans-
missibility equation is:

2 -[-:-.;—m.-&-(l-%)]w‘ +(wco + Kp

TEZ: - (5)

1 .
"[Mo + F’,"‘m,(‘- -'R.")t]‘\)a + LUCQ *KD

. = _R\?
Let: p MD+m° (l §) +‘¥:‘
= - R

M= Mg +m, (I r)
Substituting P and /a into equation (5)

= (P=t)w’® + {wC g +Ko

07 —pwt+ (wcpy +Kp

wvhere w 1is the forcing frequency.

Zero transmissibility is obtained when:
(7)) J = Q)A' - LL (6)
P-u
It should be noted that the above antiresonant frequency
is independent of the isolated mass (Mp). The resonant

frequency vith zero damping is obtained when the trans-
wissibility equals o0, oOr

w'- wg'-—‘;ﬁ-

The resonant frequency with damping is derived from:

-Pw® + (wcpg+ Kp=0 o
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which can be nondimensionalized to.
e .
-(-&) +ar¢(§jﬂ) +1=0

where

gr-_C_n.

/Ko P

The antiresonant frequency with damping is:

- (P-k) w® + (wCy +Kp =0
which is nondimensionalized to

-(1- %) (-fg',’-n)z-o-z L (&‘,’E)ﬂ-o

o) |25 e/

Transmissibility is given by:

{ 1

# @ )[-gf] |, 2% (5

To=

(8)

(9)

(10)

(11)

(12)

g

-] e Ter@y

¥ W ALHS '

i MAmininer ia et i ama v Z s e o Kl " i st . A o snr,




Figures 2, 3, and 4 shov how transmissibility varies
for di”ferent values of ~«/P and { .

It is seen from these figures that with increased damping the
amplification at resonance is decreased as in conventional
isolation systems. The amount of isolation obtained at

the antiresonance is also decreased, and the high frequency

isolation is decreased similar to results of a conventional
isolation system.
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Locus of Maxim and Miniwa of Transmissibility

Making the following substitution in equation (12), let

P = 1) - 1-2?

We
ry =27
- W,
R'w.)AA"‘;%
A
B = F
& 2 1-A o .
-"3- ,6 “%

Then: thp & O'BA'.e
To = [' - 3;;;.]+ [‘T?.-?J

P'+ot+ 2 BAtP+(BAY)
Ptyot

e (1-2%+ A%+ (7a)"
(-a%)* + (>a)*

-4a')” +(72)° (13)

S
To %‘2‘7' +()Y

11




"b find the maxima and minima, set the first derivative
the transntu.tbility with respect to frequency ratio

A- Wiy .) equal to zero. Rewriting equation (13)
ag tollo'u

(-*--:‘r) + 7t

(14)
(""-).) +rt
Let
t_ N
To=p
Then o
o _,+2To _DFR-NER o
A °9 A D
Therefore, the condition for maxima or minima trans-
missibility is:
-‘L—oﬁl( t""")
(=2 (F+1) S
T, = lotasd
8ince :
wAt. -8 wﬁg
Wis = wgt
wA- \ 2
weR ,/os glA s
we have
T"- y Pl &
D A, (‘_ 14) 17)

12



1f: 2 - 0, thenTp? = 1

Ay, > 1ado< 2 < 1, then 'l'D2 is positive

A, > 1land A = 1, then Tp? = OO (0 damping)
A, > 1and A = Ap, thenTpd =0

A, = 1and A >> A, then Tp2 —= 1 = a2

TRANSMISSIBILITY, Tp

el

L \=T

A=lO 1““&- A= &.
FREQUENCY RATIO

Figure 8. Response Curve Showing Ty,4 8nd Ty, fOr Varied & -
13



Figure 8 shows, in general, how the maximum and minimum
values of transmissibility plot relative to the damping
dependent frequency response curves. As can be seen,
at frequencies lower than the resonant frequency, the max-
imun transmiseibility, Thmax, varies inversely, frequency-
wise, with the damping ratio € ; that is, frequency of
TDuax fOr a specific value of damping (e.g., = 1,0)
occurs at a lower frequency than the frequency of Twax for
a lower value of damping (e.g., & = 0). Above the anti-
resonant frequency, the minimum values of transmissibility,
TDain, vary directly frequency-wise with T ; that is, the
4 ncy of TDain for a specific value of damping (may,

= 1.0) occurs at a higher frequency than the frequency
of Twin fOr a lower value of damping.

Furthermore, it can be seen that for all values of ¢( the
transmissibility approaches the value X = &#ﬁ. at large
values of J , the frequency ratio.
Iavariant Point
From equation (5), the transmissibility is:

wet 8. t
l.rblg - (\=— Tae ¥ éa‘)‘l'(l ¢ &) (18)

- 2%)y (2 &\
which is of th.(tou“'" (2¢ “n

| Aclt+B
ol = c¢i+D o

It -é - %, then Tp is independent of damping (Reference 6,

Den Hartog). In equation (18), Tp is independent of
dawping when

w' w. wt
v Bt Ton |, 4 _Tat

- = - P .t




The positive solution is ohviously trivial. Tuking the
negative solution gives

Y

P 1- ._“.J.y
We
or
wrl " Z—.'?‘j-

wherew'p is the Irequency at the ianva:iant point,
4
_o« (27} -
Noting that | F:(_f) = IDVHF , that is, the

transmissibility of the DAVI at very high frequency,
the above expression becomes:

w 2 2
(._Lp._) = (20)

Ww,p
which, of course, reduces to = = /2 when
Tpvur = 0, that is, a convertiondl isolator

It should be noted from equation (20) that the invariant
point of a DAVI is always further above resonance than is
the invariant point of a conveantional isolator,

The transmissibility at the invariant point is givea by:

[\ L L o\
' (‘*’R S P (WR) (31
Tolp * |_(_¢_~_ \?-
wWr
or
o Tovue — | o
Ll TovHFr + |
T—
18
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When Tpver = 0, Tpip = ~1.0, that is, a conventional
isolator. Because 0K TpDVHF< 1 in the DAVI, the
invariant point always lies between resonance and anti-

resonance and the invariant transmissibility is always
less than one.

16



THE SERIES-DANPED TWO-DEGREE-OF-FREEDOM DAVI 2~
2y

Figure 6, 8Series-Damped DAVI

Description of System

The Series-Damped Two-Degree-Of-Freedom DAVI is shown
diagrammatically in Pigure 6 above. It consists of the
isolated mass, My, supported on an intermediate platform
of mass, Mp, by a spring-damper system defined para-
metrically by spring constant, Ky, and damping coefficient,
Cr. The intermediate platform is supported by the DAVI
system whose parameters are spring constant, Kp, mass, =,
and inertia, I. The DAVI system is assumed to be friction-
less.

Derivation of lqyution.

The energies of the system are written as follows:

Kinetic Energy:

T'%MT'IT'-*-,‘-MD'Z,-;% m.i'-»-é— Le® (23)
Potential Energy:
Ve Ky (2y -i‘p)."'%\(b (2p-29) (20)
Dissipation Punction:
D- ic'r (i'r 'én)z (23)

17




Substituting the relations for ¢ and 8 into the energy
expressions, we get:

T Mittimoot +i m[(i- )0+ § 25]"+ @O
[ ] [ ‘
-%“%'<3!D'; i!;)
D '%CT (i'\"'éo)‘ (28)

oo RN o, Lﬁm

From these energy equations the following equations of
motion are derived by Lagrangian techniques.

1 Equation:
MyEt1 + Cy2r4KyZ1 —CyZp-KyZp =0 (29)
gp Equation:
2 .o .
[Mo.'t(\-;) m.-t-Hzo +Cri, +(k1+\<o)zo = )
CrEr-KrZr+mMB(1\-B)Eg- 4 Zs-Kp By = O

Assuning a steady-state sinusoidal solution and writing
in matrix form, this becomes:

My w4+ iwcr+ky] [ - criw-xq] 24

~[™mo +(|--§-)'m,+-{,-,]w' u
lwCr+Ky+Kp °1

'[-c1 iw-ﬁ]
' .{ [m,$(;-§)--1;.] W'+ ko}23 T'

(31)

18



Using Cramer's rule, the transmissibility equation for
the wotion of the mass, Ny, can be written:

o “Criw KT

X {Bw.@(\- §)- é‘]“""' K,} [Mlo:)(C‘T -2 \2‘1&3 wt +

z, .ﬁ”,.«?@- $)-+,] w4 K.,i (Criw+X7) 2
Z, A

vhere A= QO is the characteristic equation of the system.
Let: 2
P=Mp+(1-B)'mz+ &

4P =M, Z(1-8)-1

Then, the following expression for the absolute value
of the transmissibility squared can be written:

a,L@ & )w? +|<n]_ﬂ<1 +Cttw?)
To [ (m7 w =K (Peo™=Kp)-My Krw* T+ (Rmatxgt (32

Further let:
ﬂ'-% h -1%;‘
C=efrkr =2mT L=
g= —cg: Gw,t=E0
-4 -5

19

i
L]



Iz

. S - S,

By substitution we get, in nondimensional form:

i_ara(.-w)‘[\;~<a‘:')‘f'~~‘]

(34)
T ]
° [(h‘f"\)(h““)‘ﬁ hg]!_._ (z ()lhtfl [(‘.;‘C) h.- a.]
The Invariant Points
2
e A+8 (2

TD is of the form c ID fz g))i—
and will be independent of T if:

A,B

c ©
that is, if:

\ + | (35)

(h'f’—l)(h'—ot)-'%.- ht O+ ;‘L)h‘_a
Taking the positive sign we have: :
(W=D (=)= &b = (142 ) hia
i.e.,

h‘f'_ahlfl_h!_a_%. h' = ht +Z°; h!_a

To solve for h, the forcing function frequency ratio,
write in quadratic form, and solve, for h2:

fPhi-Er4e+ 5 ht+2x = 0

h‘-#,— {Otf‘-i-z (\+%.)’*v'/[af'+2(\+}.)]! aaf'}‘“)

20
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Taking the negative sign of equation (35):
(r*f =1) (™) —z-oh' =-(-Z)Inf +ax
i.e.,
de 2_ c % S - e __2_& ¢
hf - Wi “-h+x-Z% h " =-h ZNre @D

From equations (36) and (37), it is seen that three in-
variant points are obtained other than the trivial case
ofh=0and h = 1, tvo from equation (36) and hd = a
from equation (37).

The transmissibility at the h? = q point is found by
substitution in equation (33) to be:

To= & (o)

Making the substitutions found on Page 19, the trans-
missibility becomes:

To=g&

and will be above or below the antiresonant frequency,
depending on whether

Ad=Mp+(1-B)m
is greater or less than 2P,

Pigures 7, 8, and 9 show typical frequency response curves
for the Series-Damped DAVI 77 for various values of the
peak-to-null frequency ratio, f, for various values of
mass ratio, &, , and for different values of damping
ratio, 3 . Numerical values of the curves were obtained
by programming the transmissibility equation onto a
digital computer. The curves plotted are a representative
sample of a comprehensive parameter study with Mp = O

and OC = 1. 1In Pigures 7 and 9, the invariant points
occur as predicted in equation (36). 1In Pigure 8, the
invariant point is at h = 1,03 and being close to h = 1
does not show in the results.

3l
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It is seen from these figures that although the Series-
Damped DAVI 7 1is a two-degree-of-freedom system, 100-
percent isolation can be obtained at its tuned or anti-
resonant frequency. This tuned frequency is not affected

by the amount of isolated mass. This parametric study

also shows that an optimum amount of damping can be obtained
which will attenuate the low frequency resonance condition
and give transmissibility less than .5 for the higher mode.
High frequency isolation approaches zero as in a conven-
tional isolator,
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TRANSMISSIBILITY, Tp
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Figure 7 . Theoretical Response Curve for Series DAVI 7
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TRANSMISSIBILITY, Ty
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Figure 9. Theoretical Respoase Curve for Series DAVI .y
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SHOCK TRANSMISSIBILITY

Conventional Isolator

w L

4
K‘l’ L--ICT st

Pigure 11. Conventional Isolator

The equation of motion for this system is:
MyZy +Cr(Er-Z5) +K1 (Z1-25) = O (38)

It .
ZS-’a.'t, ZS.Q,M ZS-O,

the above equation can be written:

MTEZ + C1Z + KTZ=0 (39)
where ZE= Zo -Zg

This equation has the standard solution

2. ~ TRt [Acos N-*wgt + B 8NV - :'w.t]

(40)

where

rfo— Cr

w = KI and a; -

R T J’FLTiE1'
The initial conditions are assumed to be:

Za O and 21.- Oat (=0

Prom the firet initial condition, it follows immediately
that A = O,

{ :
L-d—.ﬂ



3 ?"‘,&!‘Q-‘W‘F’."‘ R 7 2 B

The second initial condition is applied as follows:

ZeZ ~Z,mBe" %Rt sin TP Wit (e
Zef -2, = a[ fPtwg e ¥R 'cos AP wig t -
fwne—(wgtsm/?—rwn ¢ ] St

B.,/-:?'wn

and the displacement of Ny is described by

e~ Swet
] (43)

Z=a sm/r?'!wt
T N=2rw 5 R

and the volocity by

(
[ -rw
Z=all-e ntPOngt-{-: s'n\/"_"_'%t]} (44)

and the acceleration by

o0 - - '
Fmawge SR [u/‘_z:_{;:. snryl?'wgz+zrcos/?'o.a (45)

This will be a maximum when Zvy=0

(a4 [T
G-47I7

That is, when tan Wol (46)

- |
Wyt = 3e when 7%2<<)




Thus, the maximum acceleration is:

¥ ~fwat{ |+22-6r 8748
ZTax ® 2We€ 2 {H 4’3-4(' )'cos,/t-(‘w.t.

which for small damping (47)

oo - t +2
z-rm - Cw.e (w‘ (—'..3—.5_) cOS wy t

s

DAVI ol

Figure 13, DAVIOC

The ¢ '<tion of motion for this system is:
t & BT .
Mo+ fi+m(-8) )0+ co2p + Ko 2o
- [-%».-m,-?- (“'%)] .2'_., +Cp 8Bg + Kp Zg (48)

) &4 z.-a.t,é. =Qa and é.s = O

and this can be written in the form:

P2 + CoZ +KpZ = O (49)

Then, the analysis from this point is the same as for
the conventional isolator,

a9 A



Thus, as derived for the Conventional Damped System:

Zo =a Ft- e ¥@rlan/irgtwel ] (80)

,/l_-?"wu

L

éosa. r“*(cosﬁ::'int- Sll:l/_u. '] (51)

]

ibsawgé‘»‘aht[;f%sm/__‘\ z th+zoo§/‘?int] I

with the difference that the resonant frequency for tl.e
DAVI is given by:

“"?3/5; , P=Mp+ et mo(:-§)°

and
-—— .
r PXpo

If the damping for the two systems being compared (the
Conventional Damped System and the Damped DAVI a)

is adjusted to be numerically the same, a cowmparison
can be made between the forces transmitted to the
isolated masses.

Zp _ wg (DAVD)
‘Zf"' (R  (CONVENTIONAL SYSTEM)

z M~ (53)

30



Since My, the 1solated mass of thas conventional systea,
and Mp, the isolated mass of the DAVI, are equal, it is
seen from the above equation that the DAVI will always

have better shock transmissibility for a step velocity

shock than a conventional isolator with the same spring
rate,

31
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DAMPING CONSIDERATIONS

From the preceding theoretical analysis, it is noted that
damping in the basic DAVI has the conventional effect of
lowering the resonant peak; however, it also has the

additional characteristic of reducing the degree of iso-

lation at antiresonance or within the antiresonant 'bucket",

To corroborate this analysis, several methods of damping
were considered for testing on laboratory models,

FRICTION DAXPING

The use of steel wool or a friction plate interconnection
between the excitation source and the isolated mass was
considered not suitable because of the difficulty of con-
trolling the effective damping rate and because of the
small relative displacements involved for this general
sise DAVI model.

Because damping cannot always be tested separately from
the pivotal motion, incorporation of damping within the
pivot appeared to have merit, It was decided that this
should be investigated by using sliding friction in the
form of spherical-Teflon bearing rod ends, and rolling
friction in the form of ball-bearing rod-end pivots.
Laboratory models utilizing these two configurations were
tested; the results appear in another section of this
report,

HYSTERRSIS DAMPING

Visco-elastic materials, fiberglass reinforced plastics,
damping tapes, and lead wool were considered ir this area
but did not have sufficient merit to pursue their usage
for the desired model.

The inherent hysteresis characteristic of rubber was
apparent both as an individual damper and as a combined
pivot-damper, This will again be discussed under the
Pivot Configurations.

The low internal damping of steel (considered as a flex-
ural pivot, helical spring, or cantilever spring) suggests
the need for an additional source if damping is required,
Such configurations were constructed and tested in deter-
mining the optimum DAVI design.

- ¢ e -



HYDRAULIC DAMP ING

Hydraulic damping, as considered here, connotates damping
proportional to the square of velocity such as the axial
strut, The basic size, weight, cost, and predictability
eliminated the practicality of such a configuration on

. the size of the DAVI being considered under the contract,

VISCOUS DAMPING

Viscous damping here refers to damping which is propor-

. tional to the firat power of velocity. Although these
units are found in "miniature' sizes, the weight and cost
factors are not attractive., To correlate the analytical
results, a small rotary viscous damper (rate = 0.5 to
25 in.lb./rad./sec.) was installed on a laboratory DAVI
model and tested.

AIR (PNEUMATIC) DAMPING

The air dashpot was most ideally suited to the small DAVI
models because of its size, weight, and relatively low
cost, Excellent experimental test correlation was ob-
tained with this configuration; however, because of the
thin piston connecting rod, buckling of the rod occurred
near the maximum damping rate (2.5 1lb./in./sec.), necessi-
tating a "beefing-up' modification of the rod.

e o A - . ot B S S e ‘ o _
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P1VOT CONFIGURATIONS

As noted in the analytical study, one of the parameters
affecting the antiresonant frequency is r, or the distance
separating the source pivot from the isolated pivot. The
smaller r, the less bar inertia (I) is required for given
conditions; thus, the weight of the DAVI system can be
kept minimal, To physically make r small, the method or
design of pivotal action becomes most important, keeping
in mind the ever present effects of damping. According

to the Work Plan of the contract, three areas of pivotal
configurations were investigated.

BLASTIC PIVOTS

To derive a characteristic, virtually undamped response,
low hysteresis elastic pivots were considered, Figure 36
shows a model which was more than 99-percent effective

in obtaining such a response., Note in this figure the
arrangement of the supporting flexural brass straps,
alternating from inertia bar to source plate and inertia
bar to isolated plate. The intersections of the crossed
straps, in effect, become the pivotal axes, and the distance
between them represents r. Analysis of this system will
show only minute shifting of the pivotal axes during the
cantilever mode bending of the flexural straps,

A commercially manufactured product known as the ''Free-
Flex" pivot, available in various diametral sizes, is based
upon the sbe e flexural principle. DAVI laboratory models
were designed utilizing these pivots, which resulted
ultimately in the final model configuration for this con-
tract. This type of pivot appears to be ideally suited

to the DAVI concept within given loading conditions, as

the response and fatigue parameters will show,

SLIDING PIVOTS

Sliding and/or rolling pivots, as mentioned previously in
the considerations for friction damping, in the form of
spherical and/or ball bearings, respectively, would seem

to offer a very practical and relatively inexpensive
approach to pivot design. Loading conditions should be
generously increased with this type of pivot, provided

the coulomb damping effect is not harmful, The trauslatory

34



motion of the cosine effect, due to the oscillatory inertia
bar, should not be of consequence provided the bar position
under the static load is neutral. Excessive cosine effects
would, of course, necessitate design study.

RUBBER PIVOTS

As mentioned previously, the hysteresis characteristics
of rubber suggest an area of pivot configuration whereby
very compact and inexpensive DAVI units can be designed.
Several commercial rubber bushings were considered to
adapt to DAVI pivot configurations., Wall thickness,
length, and diameter variations could afford means of ob-
taining desired spring rates from natural rubber and
synthetic compounds. Analyses based upon the methods of
Crede (Reference 5) support the feasibility of a rubber
pivoted DAVI,
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OPTIMIZATION OF DAVI DESIGN

ORIGINAL DAVI

Reference 8 is the XKaman report describing the original
concept of the DAVI and is the basis under which this con-
tract was generated., As an interesting introduction to the
evolution towards the optimum DAVI design, a photograph of
the original DAVI model is shown in Figure 13,

SLIDING PIVOTS

From the analytical schematic of the basic DAVI, a logical
model construction was to use standard bearing rod ends.
The first configuration utilized two spherical Teflon-lined
rod ends for the base supports and a single one for the
upper or isolated mass support, Care was taken to assure
very loose bearings so as to minimize damping friction,

A 10-pound-per-inch spring was installed across the DAVI
plates, and the unit was mounted on a shaker for vertical
excitation, Because of the instability of a single support
(upper) on a single DAVI model, a stabilizing support was
used for the mass to be isolated,

With a S-pound mass on the unit, a very erratic response
was obtained. After many adjustments and tests, a 20-pound-
per-inch spring was substituted, and the mass was increased
to 10 pounds. Table 1 and Figure 14 show the response to
these conditions, indicating a heavily damped systeam,

To reduce this heavy damping, ball-bearing rod ends were
substituted for the base supports, PFigure 13 shows a lab-
oratory model of this configuration with the spring removed.
Tables 2 and 3 and Figure 18 show typical results of tests
to determine the inertia effects for this arrangement;
again, highly damped tendencies were evident. Tables 4, 3,
6, and 7 and FPigures 17, 18, 19, and 20 show some of the
results of varying mass, the removing of bearing seals, and
the substituting of bearings. Some of the bearings were
also degreased and lubricated with lighter oils, but no
improvement was evidenced, as seen in Tables 8 and 9 and
in Pigures 31 and 22, Heavy damping characteristics still

persist,

To investigate the effects of a loose pivot shaft clamp-up
(pivoting on shaft rather than in bearing), the support



bolts were loosened., A comparative test result is shown
in Tables 10 and 11 and FPigure 23.

Although many tests were conducted, each with the basic -
results as presented, it is still felt that further inves-

tigations of this general configuration may be more reward-

ing, perhaps in the areas of heavy masses where the bearings

would be working nearer to their load capabilities, than

such light loadings as tested here.

RUBBER PIVOTS

As pointed out previously, rubber pivots should affoxrd
simplicity and compactness of construction at reasonable
cost, Several commercial rubber bushings were obtained and
adapted to DAVI models; however, they proved much too stiff
in torsional deflection for the desired small size model.
Using the methods of Crede (Reference 5), calculations
suggested a 40-durometer rubber should satisfy the desired
dimensions, Through the facilities of the Kaman Materials
Laboratory, a 1/4-inch shaft was centered in a 3/8-inch
inside diameter aluaminum bushing and molded in place with a
40-duromseter neoprene compound. Two identical bushings were
then bonded into an aluminum block which also served as the
inertia bar housing., Pigure 24 shows how the pivots were
attached to the base and mass supports.

The first exposure was to a horizontal excitation, that is
with the DAVI pushing horizontally against the supported
mass; the DAVI was not itself supporting the mass. This, in
effect, is a zero static load on the isolator., The interest-
ing response is shown in Table 12 and Figure 25. As can be
seen, the characteristic basic DAVI curve is apparent, but
some scatter is present., Of particular note is the 60-
percent isolation factor at the 12-cycle antiresonance.

Some 0of the scatter was attributed to the nonrigid lab-
oratory table upon which the shaker was clamped,

Orienting the shaker vertically and stabilising the mass to
be isolated produced much hetter results, Tables 13 and

14 and Pigures 29 and 27 show the performance for isolated
weights of 5 pounds and 7 pounds respectively., Note that
degree of isolation is increased to better than 950 percent
with the heavy mass. Also apparent is a tendency for a
second resonance at the higher frequencies, This is be-
lieved to be a second mode caused by .adial deformations
within the rubber pivot and is an area which should be
investigated by more detailed research,
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To eliminate the operation of bonding the pivots into the
pivot bar housing and to increase the shaft diameter for
better retention with the base and mass supports, 3/8-inch
shafts were centered in the two 3/4-inch bores in the bar
housing and were molded in place with 40-durometer neoprene.
Although the volume of rubber then torsionally deformed was
slightly greater than for the previous configuration, approx-
imately the same degree of isolation was attained for the 5~
pound and 7-pound weights, as noted in Tables 138 and 16

and Figures 28 and 239,

In the same manner as the preceding, a 40-durometer natural
rubber pivot was constructed and tested., Table 17 and
Pigure 30 illustrate the performance. The highly damped
curve suggests that the natural rubber has inherently higher
hysteresis, and the antiresonance has shifted to a lower
fr:,u::gy, thus indicating a lower spring rate for this
material. '

Tables 18 and 19 and Figures 31 and 32 show similar test
results using 65-durometer neoprene as the pivot material,
wvhere a comparison of the respective curves for the 3-pound
weight configuration reveals higher resonant and antiresonant
frequencies for the 65-durometer material but the same de-
gree of isolation., This again shows the independence of
spring rate (durometer) and internal shear (hysteresis)

for the same basic materials.

Table 20 and Figures 33a and 33b are clear verifications of
the independence of antiresonant frequency from isolated
mass (although greater isolation is attained with the
larger mass as stated before) and of the lowering of the
resonant frequency with increased mass (wider bandwidth),

The collective effect of the parameters of inertia, isolated
weight, resonant frequency, antiresonant frequency, trans-
missibility, and isolation are shown in Tables 21 and 22
and Pigures 34 and 35 which are carpet plots for the 40-

and €5-durometer neoprene, respectively,

The research conducted on these rubber pivot configurations
is extremely encouraging and leaves little doubt but that
in this field of generous compounding abilities a material
should be available, or made available, which would develop
outstanding DAVI performance,

as



ELASTIC PIVOTS

It was believed that the very low hysteresis effect in
metallic cantilever springs should be able to give
virtually 100-percent isolation when arranged as a
flexural pivot in the DAVI principle. Theoretical
investigation supported this belief, and a flexural
laboratory model was constructed using phenolic plates,
brass strips, and a threaded inertia bar. Figure 36
shows this model mounted on a 50-pound shaker. The
isolation ability of the model is seen in Figure 37 where
the unit is being excited at 10 c.p.s. Although not
instrumented, measurements under magnification indicated
approximately 99-percent isolation in this case.

Kknowledge of commercially manufactured units based upon
the flexural pivot theory offered the means for what
appeared to be a practical design wherein the pivot it-
self incorporated the system spring rate., The manu-
facturer concerned offered these pivots in various
diametral sizes, with three angular ratings (7-1/2°,
159, and 30°) for each size depending upon the thickness
(stiffness) of the flexural member. Several 13° pivots,
5/8-inch diameter, were acquired for evaluation, and a
unidirectional laboratory model was made and tested with
excellent results,

TWO-DIMENS IONAL MODEL

It was then desired to investigate the possibility of

a model capable of isolating in two directions, say the
vertical and lateral motions. The two-dimensional model
was constructed using these pivots in a Hooke's Joint
arrangement as seen in Figure 38, The model was mounted
on a vertically oriented shaker and loaded with a S-pound
weight as seen in Figure 39, Two wide, flat pieces of
brass were used to stabilize the mass in the vertical
direction, while imposing a negligible effect upon the
system spring rate. Tables 23, 24, and 33 and Figures
40, 41, and 42 show typical test results for different
inertia bar values,

A lateral excitation was then imposed upon the model,
and, as noted in Pigure 43, the isolator is pushing
against virtually ze:0 mass. Greater than 99-percent
isolation is obtained as evidenced by Table 26 and
Figure 44,
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An oblique response was then performed to test the
characteristics of simultaneous vertical and lateral

inputs. Pigures 43 and 46 show the test setup and the
isolating model, while Table 27 and Pigure 47 offer the
measured response. The increased isolation, over the
vertical and lateral excitations, is believed to be due

to the increase in "effective'' mass caused by the direction
of applied force to the model. The second peak at 235 c.p.s.
is believed to be due to the internal elasticity of the
wooden model when strained in this direction,

Table 28 and Figures 48 through 52 show the effects of
varying the isolated mass, again indicating the relative
independence upon the antiresonant frequency, and the
shifting of the resonant frequency,

PARAMNETRIC DAMP ING

After it was determined that the virtually undamped
flexural pivot characteristics were satisfactory, the
experimental correlation of dawping the system was
considered. A small air dashpot was commercially
available which had variable damping rates up to 2,5
pound-second per inch., The damper was easily installed
on angle brackets mounted to the base and mass support
legs, as seen in Figure 53,

Table 29 is a record of the response parameters, and
Figures 34 through 38 show the plotted curves. The damp-
ing notations ¢ = 0, 1, 2, 3,and 4 are not actual rates
but indicate the increased step inputs to the maximum
rate of the damper, Excellent correlation was obtained
up to Pigure 58 when, as the plot shows, a decreased
damping rate is indicated for the fully damped unit,

This phenomenon repeated itself in several tests until,
wvhen viewed under a stroboscopic light, it was seen that
the small piston rod was bucking under the heavy damping
load, thereby effectually reducing the damping rate. The
decision was made to stiffen the piston rod by soldering
a sleeve around it. VWhile this was being done, the vis-
cous damper tests were begun,

ViSCOUS DAMPING

The above model was modified by removing the angle brack-
ets and installing a base and top plates to accommodate
the more bulky and heavier rotary - iscous damper which
had variable rates from 0.8 to 45,0 inch~pound per radians
per second,

40



Table 30 records the parameters for one of the series

of tests, and Figures 859 through 68 show the respective
response curves. As in the previous tests, the damping
notation merely refers to an arbitrary setting omn the
damper. The curve for C = O was obtained with the damper
connecting link removed. With the link installed and

the rate adjustment screw backed out (C = 1), Figure 60
was obtained showing the characteristic reduced peak and
raised trough. PFigure 61 resulted from a minute in-
crease in rate (C = 2), A large adjustment resulted in
the curve in Figure 62 where it appeared that the damping
was decreased., #ith a much heavier connecting link than
the alr dashpot, buckling was improbable; however, it was
believed that the connecting plates or the model itselft
was perhaps straining. As a check, another minute in-
crease in damping rate was made (C -~ 4), which yielded

an almost identical response as seen in Pigure 63, an
appreciable reduction in rate was then made (C = 5), which
brought back a reasonable response, Figure .

The bar inertia was then decreased to determine its effect
and responded, as predicted by the theoretical analysis,
with an increase in both resonant and antiresonant fre-
quencies (Figure 65, C = 6)., With the inertia remaining
the same, an attempt was made to induce the "buckling"
phenomenon again. The damper setting was increased to

C = 7, with a resulting response as seen in Figure 66,
Another slight increased damping adjustment was made

(C = 8) and responded as shown in Figure 67, The bar
inertia was increased to its original configuration, and
the damper minutely increased to C = 9, Pigure 68 ghows
the tendency to decrease the resonant and antiresonant
frequencies. The next increase in damping rate produced
a failure across the pivot housing in the wooden support
leg. The '*buckling" phenomenon may very well have been
the result of some internal failing under the resistive
forces of the high damping setting.

Results of these damping tests conclude that damping in
the DAVI can be optimized, as the theory has derived.

41
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SINGLE-DFGREE-OF-FREEDOM DAVI (UNIDIRECTIONAL)

From the excellent results odtained wiin the quality of
the laboratory models used thus far, an aluminum model was
constructed preparatory to manufacturing the subsequent
platfora units. Calculations and consultations with the
pivot manufacturer showed that the 150 pivot was insuffi-
cient to carry the desired load of 80 pounds per DAVI
unit; therefore, the stiffer 7-1/20 pivots were ordered.
Even though the 7-1/2° pivots were able to support the
static load, the predicted fatigue life was much reduced;
however, it was felt that these pivots would afford
valuable data in the anticipation of possibly manufacturing
them with special materials.

Excellent isolation was attained at 99 percent for the 135°
pivot, and 98 percent for the 7-1/2° pivot when tuned to
approximately 10.4 c.p.s. Tables 31 and 32 and PFigures

69 and 70 reflect these results.
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TABLE !

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFIGURATION
SPHERICAL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS

BAR INERTIA, BASIC

Freauenc Input Output Output
(c oqp“o. . )’ Inwt
8.0 59.00 61.00 1.04
8.5 61.00 65.00 1.07
6.0 61.00 70.00 1.15
6.5 60.00 77.00 1.28
7.0 55.00 84.00 1.53
7.5 48.00 84.00 1.75
8.0 40.00 76 .00 1.90
8.5 34.00 65.00 1.93
9.0 32.00 54.00 1.59
9.5 31.00 44.00 1.41
10.0 31.00 35.00 1.13
10.5 31.00 30.00 .87
11.0 31.00 25.00 .81
11.8 34,00 25.00 .73
12.0 34.00 22.00 .65
12.8 33.00 19.00 .58
13.0 332.00 17.00 .53
13.8 31.00 16.00 .53
14.0 30.00 15.00 .50
14.8 29.00 14.00 .48
15.0 28.00 13.00 .47
15.8 27.50 12.00 44
16.0 26 .50 11.50 44
16.3 25.50 11.00 .43
17.0 24.50 10.50 .43
17.8 23.50 10.00 .43
18.0 23.50 10.00 .45
19.0 21.00 9.50 .45
20.0 19.00 9.00 .48
25.0 13.50 7.50 .56
30.0 9.60 6.00 .63
35.0 7.50 4.90 .65
40.0 6.50 4.00 .62




TRANSMISSIBILITY, Tp

100 - SPERICAL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WERIGHT, 10 POUNDS
BAR INERTIA, BASIC
REFERENCE TABLE 1
10~
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Figure 14. 8liding Pivot Configuration
Response Curve
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TABLE 2

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFIGURATION
BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED WEIGHT, 5 POUNDS
BAR INERTIA, BASIC

Output
Frequenc Input Output 'T'ﬁ‘!'
(c.}).l. y 5 b n
5.0 71.00 97.00 1,37
5.8 46,00 87.00 1.90
6.0 49,00 40,00 .82
6.5 81,00 22,00 .43
7.0 54.00 19,00 35
7.5 54.00 18.00 .33
8.0 80,00 19.00 .38
8.5 49,00 19,70 .40
9.0 48,00 20,00 .42
9.5 46,50 20,00 .43
10.0 44,50 20,00 .45
10.5 43.00 19.80 .46
11.0 41.00 19,50 .48
11.8 39.50 19,00 .48
132.0 37.80 18,50 .80
12.8 35.50 18.00 .81
13,0 34,00 17.80 .52
13,8 32.00 16,80 .52
14.0 30.50 16.00 .53
14.5 29,00 16,00 .58
15,0 28,00 15,50 .56
16.0 25,00 15,00 .60
17.0 23.00 14,00 .61
18.0 N, 13,20 .63
19.0 19.50 13.10 .67
20,0 17.00 12,90 .76
3.0 13.80 13.00 .89
24.0 11,80 10,60 «90
36.0 11.60 9.60 .83
a8.0 10,50 9.00 .86
3.0 11.40 7.60 867
30,0 11.40 7.10 .62
31.0 13.10 5.40 48
33.0 13.10 4.80 .40
34.0 13.80 3.00 22
35.0 13,10 5,50 46
36.0 11.60 4.00 .38
7.0 10.70 3.00 19
40.0 9.40 1,30 14
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TABLE 3
DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFIGURATION
BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED WEIGHT, 5 POUNDS )
BAR INERTIA, INCREASED
Output
on npu
l(;o.%u... y Input Output o ‘
5.0 68.00 71.00 1.04
5.5 69,00 69,00 1,00
6.0 69,00 61.00 .88
6.5 69.00 61.00 .88
7.0 66.00 60,00 .91
7.5 65.00 59,00 .91
8.0 61.00 56 .00 .92
8.8 59,00 54.00 .92
9.0 55.00 51.00 .93
9.5 52,00 49,00 .94
10.0 50,00 45,00 .90
10,5 47.00 44,00 .94
11.0 44,00 43,00 .98 :
11.5 40.00 40.00 1.00 ¢
12.0 49,00 49,00 1.00 3 ¥
13.0 43,00 43,00 1,00 4 :
14.0 31.00 33,00 1,06 ¢ g
15.0 28.00 31.00 1.11 ; |
16.0 24.00 28,00 1,17 1
18.0 18,50 24,00 1.30 §
20.0 14.50 20,00 1.38 2
22.0 13,00 16,00 1.23 k :
23.5 11.40 16.00 1.40 r |
24.0 12,10 13,50 1.12 :
26.0 12.00 11,50 .96 !
30,0 10,30 10,30 1,00 4
35.0 11.50 7.00 .61 oy !
40.0 11.00 5.00 .46

48

"
G v e



TRANSMISSIBILITY, Tp
-

BALL-BEARING BASE SUPPORT

SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED WEIGHT, 5 POUNDS

BAR INERTIA, BASIC

REFERENCE TABLES 2 AND 3 ;
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‘e 4b At etqeet? ao .\\
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*+ BASIC INERTIA
+ INCREASED INERTIA

s aaal )

10 70

FREQUEICY - C,P,. 8.

Pigure 16.

Sliding Pivot Configuration
Response Curve
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TABLE 4

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFIGURATION
BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 5 POUNDS
BAR INERTIA, BASIC

Output
15;3:3:3? Input Output Toput
5.0 53,00 73.00 1.37
8.5 55,00 85.00 1,55
6.0 85,00 100,00 1.82
6.2 82,00 115.00 2,21
6.4 38,00 130,00 3.43
6.6 31.00 120.00 3.0
6.8 30,00 111.00 3.69
7.0 29,50 98.00 3.28
7.5 32.20 82.00 2,56
8,0 35.00 60,00 1.72
8.5 37.50 44,00 1,18
9.0 39,00 31.50 .81
10,0 39.80 16,00 .40
10,85 39,00 14,50 37
11,0 38,50 12,60 «33
11,2 38,00 12,30 32
11.4 37.80 11.80 32
11,6 37.00 11.50 .31
11,8 36.50 11.70 32
12,0 35.00 11.50 .33
13.5 34,50 11,00 32
13,0 33.50 11,10 «33
13.5 32.00 11.50 .36
14,0 30.00 11.10 .37
15.0 27.50 10,70 39
16.0 25,00 10,80 .43
18,0 20,00 10.10 o1 .
20,0 16,00 9,80 .61
25,0 10.40 8.70 .84
30,0 8.10 7.00 .87 k3
35,0 10.00 4,50 .45 ., |
40,0 8.30 1.80 22
45.0 6.80 1,00 .15
80,0 5.10 .40 .08
55.0 “.10 .60 .15
60,0 3.33 40 13




100 ~ BALL-BEARING BASE SUPPORT

SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 5 POUNDS

BAR INERTIA, BASIC

REFERENCE TABLE 4
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Pigure 17. 8liding Pivot Configuration I
Response Curve
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TABLE 5

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONPIGURATION
BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS
BAR INERTIA, BASIC

Output
e ut tput --21;
c .q: ‘o.n.c Top Quip Inpu

8.0 64.00 67.00 1,05
5.5 66,00 74,00 1,12
6.0 59.00 89.00 1,81
6.5 49,00 102,00 2,08
7.0 40,00 100,00 2,50
7.5 30,00 81.00 2.70
8.0 29,00 66.00 2,28
8.5 31.00 51,00 1,65
9.0 36,00 42,00 1,16
2.5 37.00 36,00 .98
10,0 36.00 33.00 .92
10.5 35,00 30,00 .86
11,0 34.00 26,00 17
11,8 33.00 23,00 10
12.0 32.00 21,00 +66
12.5 32,00 19,00 .60
13.0 30.00 18.00 .60
14,0 29,00 15,00 52
15,0 27.50 13,00 47
16,0 26,00 11,00 42
17,0 25,00 8,00 32
18,95 22,00 8.00 +36
20.0 19,00 8.00 42
25.0 13.40 6.50 .48
30.0 10,10 5,00 .30
35.0 8.60 4,30 «50
40.0 11,00 3.50 32
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TRANSNISSIBILITY, Tp

100 ~ BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS
BAR INERTIA, BASIC
REFERENCE TABLE 5
10 I~
A
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ir- 4 Nt
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s
001~
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) 10 70
FREQUEICY - C.P. 8,
Figure 18. 8liding Pivot Configuration

Response Curve
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TABLE 6

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONPIGURATION
BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS
BAR INERTIA, BASIC

Output

ut Output
2o e F Tnput
5.0 86.00 64.00 1.14
5.5 60.00 76.C0 1.26
6.0 59,00 91,00 1,54
6.5 81.00 111,00 2,17
7.0 37.00 109,00 2,95
7.8 31.00 87.00 2,81
8.0 33.00 63.00 1.91
8.5 34.00 46,00 1,35
9.0 35.00 35.00 1,00
9.5 38.00 32,00 .85
10.0 39.00 24,00 .62
10.5 39,00 20,00 91
11.0C 38.00 17.00 .45
11.9 38.00 14,00 37
12.0 37.00 13,00 «35
13.5 36,00 12,00 «33
13.0 34.00 11.00 32
13.8 33.00 11,00 .33
14.0 32,00 10,50 33
15.0 30,00 9,00 .30
16.0 28,00 8.50 «30
18.0 23.00 8.00 35
20.0 20,00 7.00 35
332.0 16,50 6.00 +«36
a5.0 14.50 6.00 .41
30.0 9.00 5.10 .
35.0 20,00 17.00 49
40, 5.00 4.00 .80
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BALL-BEARING BASE SUPPORT

SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS

BAR INERTIA, BASIC

REFERENCE TABLE ¢
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Pigure 19. 8liding Pivot Configuration
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TABLE 7

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONPIGURATION
BALL-BRARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS
BAR INERTIA, BASIC

Qutput
e I t Output
é?g{.. y opu ) o Input
5.0 62,00 75.00 1,31
5.5 65,00 83.00 1.28
6.0 65.00 95,00 1.47
6.8 60,00 111,00 1.85
7.0 60.00 127.00 2,11
7.5 .33.00 130,00 4,07
8.0 31,00 99,00 3.20
8.8 30,00 84.00 2,80
9.0 30,00 66.00 2,20
9.8 35.00 81.00 1.45
10,0 37.00 42,00 1.14
10,5 38.00 34.00 .90
11.0 38,00 28,00 74
11.8 38,00 23,00 .61
13,0 38.00 20,00 .53
12.8 37.00 18.00 .49
13.0 36,00 16.00 45
14.0 33.50 13.00 37
18,0 31.00 11,00 .36
16.0 29,00 10.00 .38
17.0 26,00 9.80 .38
18.5 24,00 8.60 .36
20,0 21,00 8.10 39
232.0 18,00 7.30 .90
28.0 14.00 7.00 50
30,0 10,00 6.00 .60
35,0 8,30 5.20 .63
40, 10,00 32.40 34
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BALL~-BEARING BASE SUPPORT

SPRING CONSTANT, 2( POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS

BAR INERTIA, BASIC

REFERENCE TABLE 7
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TABLE 8

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFPIGURATION
LIGHET-LUBE BALL~-BEARING BASE SUPPORT
SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS
BAR INERTIA, BASIC

Frequenc Input Output Qutput
(c o%.l. ), P . Input
8,0 60,00 111,00 1,85
5.8 60,00 126,00 2,27
6.0 82,00 128,00 2,46
6.8 48,00 116,00 2,42
7.0 41.00 86.C9 2,10
7.5 55.00 27.00 .49
8,0 55.00 20,00 37
8.5 54.00 16.00 .30
9.0 53.00 14.00 .26
9.5 51.00 12,00 .24
10,0 52.00 11,00 .21
10.8 51.00 11,00 22
11,0 50.00 11,50 .23
11.8 48,50 11.00 23
12,0 47.00 11,00 24
13.8 46,00 11.00 24
13,0 44.00 10,50 .24
13,8 43,00 10,50 25
14.0 41.00 10,00 25
14.8 40,00 10,00 .25
15.0 38,30 10,00 .26
16.0 36.00 9.70 27
17.0 33.00 9.50 .29
18,0 31.00 9.00 29
19,0 29,00 8.20 .28
30,0 37.00 8.00 «30
21.0 25.00 7.80 «31
22.0 23,00 7.00 .31
a35.0 19,00 6.00 .32
30.0 13.40 5.10 .38
35.0 10,00 3.50 35
40,0 7.00 3.30 47
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100 ~ LIGHT-LUBE BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED. WEIGHT, 10 POUNDS
BAR INERTIA, BASIC
REFERENCE TABLE 8
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TABLE 9

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFIGURATION
LIGHT-LUBE BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS

BAR INERTIA, BASIC

Output

co.%u.o.nﬁy Input Output T_P"t'n DU
8.0 59.00 61,00 1,03
5.5 61.00 66.00 1.08
6.0 61.00 69.00 1.13
6.5 60,00 71.00 1.18
7.0 59,00 73.00 1,24
7.5 55.00 77.00 1.40
8.0 49,00 81,00 1,65
8.5 40,00 82,00 2.05
9.0 33,00 76,00 2.30
9.5 29,00 66.00 2,28
10,0 27.00 59.00 2,19
20,5 28,00 49.00 1.75
11,0 29,50 41,50 1.41
11,9 30,00 35.00 1.17
12,0 30,00 31.00 1,03
12,8 30,00 26,00 .87
13.0 31.00 22,00 .71
13.5 30,00 20.00 .67
14.0 30,00 18,00 .60
14.5 30.00 15,00 .90
18,0 29.00 14,00 .48
16.0 27.00 13.00 .48
17.0 26,00 11.00 .42
18,0 26,00 8.50 «33
19,0 25,00 7.00 «28
30,0 24,00 6.00 « 25
21.0 33,00 5.80 «26
3.0 20,00 6.30 32
25.0 17,80 4.50 26
30.0 13,00 3.60 .23
38.0 10,00 2.20 22
40,0 7.60 32.00 « 26
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100

10

LIGHT-LUBE BALL-BEARING BASE SUPPORT
SPRING CONSTANT, 20 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS

BAR INERTIA, BASIC

REFERENCE TABLE 9
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Pigure 22.

Sliding Pivot Configuration
Response Curve
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TABLE 10

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFIGURATION
BALL-BEARING BASE SUPPORT (LOOSE BOLT)
SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS
BAR INERTIA, BASIC

Output
Frequenc Input Output

(c.%.s." d d Tﬁpﬂ-
5.0 58.00 65,00 1.12
8.5 60,00 79.00 1,32
6.0 60.00 94,00 1,57
6.5 55,00 113.00 2.05
7.0 44,00 131,00 2,98
7.5 31,00 115.00 3.71
8.0 31,00 88.00 2,84
8.5 35,00 61.00 1.74
9.0 37.00 47.00 1,27
2.5 38,00 34.00 .90
10,0 39,00 26,00 .67
10,5 38,00 21,00 1.3
11,0 39.00 18,00 .46
11.5 38,20 15.50 .41l
12,0 38,00 13.00 .34
12.5 37.00 11,00 .30
13.0 36.00 10.50 29
13, 35,00 10,50 .30
14.0 33,30 10.50 «31
14.5 32,00 10,50 033
15,0 31.00 10,00 32
15,5 30,00 10,00 33
16.0 29,00 9.50 «33
16.5 28,00 9,00 32
17.0 28.00 8,00 .29
17.8 27,00 8.00 .30
18.0 26,00 8.00 81
18,9 25,00 8.00 .32
19,0 24,00 8.00 .33
30,0 22,50 8.00 37
a5.0 15.80 7.00 45
30.0 11,00 §.10 .46
38, 7.60 4.20 .1,
40,0 5.50 4,40 .80




TABLE 11

DAVI TRANSMISSIBILITY TEST DATA
SLIDING PIVOT CONFIGURATION
BALL~-BEARING BASE SUPPORT (TIGHT BOLT)
SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS

BAR INERTIA, BASIC

Output

co.(gx.e'nf,y Input Output T—L‘:'n ou
5.0 59.00 61.00 1.03
5.5 61.00 65,00 1,07
6.0 61.00 69,00 1.13
6.5 59.00 73.00 1.24
7.0 53.00 82,00 1.55
7.5 48,00 79.00 1.65
8.0 42.00 70.00 1,67
8.5 39,00 60.00 1.54
9.0 37.00 49,00 1,32
9.5 36.00 40.00 1.11
10,0 35.00 33.00 .94
10.5 35.00 29.00 .83
11.0 34.00 25,00 .74
11.5 36.00 23.00 .64
12.0 35.00 20,00 «57
12.8 35.00 17.00 .49
13.0 33.00 16.00 49
13,5 33.00 15.00 45
14.0 32.00 12,00 «38
14,5 31.50 11,50 o1
18.0 30,00 11,00 37
15.5 29.50 10,00 34
16,0 29,00 10,00 38
16.5 28,00 9,80 34
17.0 27.00 9.00 33
17.8 26,00 9,00 38
18,0 45,00 9.00 «36
18,8 24,00 9,00 .38
19,0 23.00 8.80 «37
20,0 21.50 8,00 37
a5.0 15.80 6.00 .39
30.0 13.00 4.60 .36
35.0 8.70 3.5 .40
40,0 6.90 2,60 38
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100 ~ BALL-BEARING BASE SUPPORT (TIGHT BOLT)
SPRING CONSTANT, 10 POUNDS PER INCH
ISOLATED WEIGHT, 10 POUNDS
BAR INERTIA, BASIC
REFERENCE TABLES 10 AND 11
10}
/'\.
ok
/ .oo.\
b Qo S X
a Y ,/
© N ed —
. ‘-.:-'}tnx/’ o« v
E
-3
[ ]
a .1 =)
-]
)
.01
i + TIGHT PIVOT SHAFT CLAMP-UP
I « LOOSE PIVOT SHAFT CLAMP-UP
.00~
a J 1 J 1 J . | A A A L 4.
)} 10 70

m.cv - CQ’O'O

‘ Pigure 33, 8liding Pivot Configuration
Response Curve
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Rubber Pivoted DAVI MNodel

Figure 24.




TABLE 12

DAVI TRANSMISSIBILITY TEST DATA
RUBBER PIVOT CONFIGURATION

40-DUROMETER NEOPRENE (0.33 ID x 0,635 OD x 0.9 LONG)
HORIZONTAL EXCITATION

Frequency Input Output Output
(c.p.s.) Input
5.0 59.00 78.00 1,32
5.5 46,00 69.00 1.50
6.0 28,00 46,00 1.65
6.5 19.50 34.00 1,74
7.0 18.50 45.00 2,43
7.5 12,50 45,00 3.60
8.0 8,50 40,50 4.7
8.5 14,00 33.50 2,39
9.0 18.50 30,00 1.63
9.5 25,00 24,00 .96
10.0 28,00 16,00 7
10.5 28,00 10.00 .36
11.0 26,00 17,00 «65
11.5 24,00 5.20 022
12,0 23.50 4,70 .20
12,8 20,00 4,40 22
13,0 20,00 4,30 22
13.5 18,00 4,30 24
14,0 15.40 4,10 27
14.5 12,80 4,80 .38
15.0 12.80 4,60 .36
16,0 10.70 4,50 42
17.0 9.50 4,40 .46
18.0 9,20 4,00 .43
19.0 7.60 3.80 50
20.0 7.00 3.75 .54
22,0 6.40 3.80 59
24.0 5.00 3.50 .70
26,0 4.25 3.00 g
28.0 3.60 2.40 .67
30,0 2,40 2,40 1,00
32.0 2.10 2.10 1,00
34.0 3.60 1,90 53
36.0 3.40 2.00 .59
38.0 2,90 1.20 .41
40,0 4.40 2.00 .46
45,0 3.70 0.20 oS4
50.0 2.10 0,70 .33

i




ST R

100

B 40 -DUROMETER NEOPRENE
(0.25 ID x 0.625 OD x 0.9 LONG)
JJORIZONTAL EXCITATION
REFERENCE TABLE 12
10
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E
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g
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C
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001
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PREQUEICY - C.P.8B.
Figure 28, Rubber Pivot Response Curve
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TABLE 13

DAVI TRANSMISSIBILITY TRST DATA
RUBBER PIVOT CONFIGURATION

40-DUROCMETER NEOPRENE (0.25 ID x 0.625 OD x 0.9 LONG)
I1SOLATED WEIGHT, 5 POUNDS

—
—

Frequency Input Output Output
(c.p.s.) Input
4.0 60,00 72,00 1.20
4.5 58 .00 76.00 1,31
5.0 48,00 71.00 1.85
5.5 31.00 60.00 1.94
6.0 25,00 55.00 2,20
6.5 15.00 47.00 3.13
7.0 11.50 38.00 3.30
7.5 13.50 30.00 2,22
8.0 20,50 21,70 1,06
8.5 26,10 15.20 .58
9.0 31.00 9,80 .32
9.5 34,00 5.10 .15
10,0 33.50 4,72 .14
10,5 32,00 4,90 .15
11.0 31.00 $5.00 .16
11.5 31.00 4,00 .13
12,0 29,00 4,50 .16
12.5 28,00 5.00 .18
13.0 25,00 5.20 .21
14.0 21,50 $.30 25
15.0 18,00 5.00 22
16.0 15.80 5,00 .32
17.0 14,50 4.85 .33
18.0 13,10 4,70 .36
19.0 12,00 4.30 «36
20.0 11,00 4.00 .36
21.0 11.10 4,20 .38
22.0 10,00 3.80 .38
23.0 9,00 3.33 037
24,0 8,10 3.40 42
25.0 7.40 3.10 42
27.0 6.00 2.80 47
30.0 4.90 1,80 .39
32.0 4.40 1,60 .36




TABLE 13 (Contined)
Frequency Input Output Output
(C.P.l.) Input
35.0 2,00 2.00 1.00
37.0 1,10 1.80 1.64
40,0 2.10 1.05 .50
45,0 3,00 .70 .23
50.0 3.80 1.00 <26
55.0 .30 .80 2.33
60,0 25 5.1 2.20

a2 s -l
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0

.001

Pigure 3268.

40-DUROMETER NEOPRENE

(0.25 ID x 0,625 OD x 0.9 LONG)
ISOLATED WEIGHT, 5 POUNDS
REFERENCE TABLE 13

|y
Y
| 'j J
10 70

m.a - c. ’. '.
Rubber Pivot Response Curve




TABLE 14

DAVI TRANSMISSIBILITY TEST DATA

RUBBER PIVOT CONFIGURATION
40-DUROMETER NEOPRENE (0.25 ID x 0,635 OD x 0.9 LONG)
ISOLATED WEIGHT, 7 POUNDS g

Frequency Input Output Qggggg
(c.p.8.’ Input
4.0 54.00 62,00 1.15
4.5 55.00 69.00 1.26
5.0 48,00 66,00 1,38
5.5 37.00 60.00 1,62
6.0 26,00 51.00 1.96
6.5 15.70 44,00 2,80
7.0 8,80 37.20 4,24
7.5 8,30 30,50 3.78
8.0 12,50 25,00 2,00
8.5 17.70 20,00 1.13
9.0 21,80 15.10 .69
9.5 23.50 11,00 47
10,0 25,50 7.0 29
10.5 23,20 6.50 .28
11.0 21.80 6.90 32
11,5 23.00 4,80 21
12.0 23.10 3.00 13
12,5 22,50 2,00 .09
13.0 21,50 1.80 .08
13.8 21.20 1,90 .09
14,0 20,00 2,00 .10
15.0 18,00 2,30 .13
16,0 15,80 2.40 .15
17.0 14 .40 2,60 .18
18.0 13.30 2,60 .20
19.0 12,40 2,55 .21
20,0 11,20 2,50 22
21.0 11.10 2.50 23
22,0 10,00 2.40 24
23.0 9.00 2,00 22
24.0 8.10 1.78 .32
25.0 7.50 1,58 .21
26.0 6.90 1.45 21
27.0 6.40 1.22 19
28.0 6.00 1.00 .17
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TABLE 14 (Continued)

Frequency Input Output Output ’
(c.p.s.) Input

29.0 5.70 1.00 .18

30.0 4,30 1.80 .30 .
33.0 3.52 1.48 .42

34.0 3.10 1.30 42

36.0 2,58 1.10 .43

38.0 2,80 2.20 .79

40.0 3,60 1.60 44

42.0 6.60 1.70 .26

44 .0 4,90 1) .11

46.0 5.50 2,00 .36

48 .0 2,00 1.85 92

50,0 1.30 1.55 1.19
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100 ~ 40-DUROMETER NEOPRENE

(0.25 ID x 0,625 OD x 0.9 LONG)
ISOLATED WEIGHT, 7 POUNDS
REPERENCE TABLE 14

10

[ ]
[
)

TRANSMISSIBILITY, Tp
-"-‘::_':-_—

01 F

)| 10
TREQUEBICY - C.P.8.

Pigure 37. Rubber Pivot Respoase Curve
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TABLE 15

DAVI TRANSMISSIBILITY TEST DATA
RUBBER PIVOT CONFIGURATION
40-DUROMETER NEOPRENE (0.375 ID x 0,75 OD x 0.9 LONG)
1SOLATED WEIGHT, 5 POUNDS

—
—

- a—
P —

X

Frequency Input Output o_uﬂ_m_t
(C.P.lo) Input :
4.0 67,00 71.00 1,05 3
4.5 69,00 75.00 1.09 P
5.0 67,00 75.00 1,12 .
5.5 52,00 62.00 1.19
6.0 56,00 70.00 1.25
6.5 49,00 63,00 1.28 3
7.0 41,00 56,00 1,37 1
8.0 29,00 44,00 1.52 y
8.5 24.00 39,00 1,63 .
9.0 19,00 35.00 1.84
10,0 7.40 19.00 2,56 b
10.5 8.00 26,00 3.25 §
11.0 5.00 23.00 4.60 §
12,0 6.00 18,00 3.00 1
12,5 9.00 17.00 1,88 :
13.0 14,00 15,50 1.11
13.5 18,00 13.50 .75 J
14,0 23.00 11,00 .47 N
15.0 32,00 6,00 .19 3
16.0 17.00 4.00 .24 :
17.0 20,00 2.50 .13 ;
18,0 20,00 3.00 15 i
19.0 19,00 3.40 .18 ;
20.0 17.50 3.50 .20 p
22.0 15,50 4.00 .26 '
4.0 12,70 3.50 .28 3
26.0 11,40 3.00 .26 .
28.0 8.70 4.00 .46 :
30.0 5.00 3.00 .60
32,0 5.00 2.50 50
34.0 5.00 2,00 .40
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TABLE 15 (Continued)

Frequency Input Output Output
(c.p.s.) Input
36.0 4,50 1.80 .40
38.0 2,70 1.80 .66
40,0 2.60 1.60 .62
42.0 2,40 1.30 .54
44 .0 2.00 1.75 .88
46,0 1.70 1.50 91
48,0 1,60 1.30 .81
50,0 1,50 1.10 o73

78



100 o~
40 DUROCMETER NEOPRENE
; (0.375 1D x 0.75 OD x 0.9 LONG)
¢ ISOLATED WEIGHT, 5 POUNDS
. REFERENCE TABLR 15
F
100
l pu— el le 2 *° o ke °,
hn L] ‘! \0
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Pigure 38, Rubber Pivot Response Curve



TABLE 16

DAVI TRANSMISSIBILITY TEST DATA
RUSBER PIVOT CONFIGURATION

40-DUROMBTER NEOPRENE (0.375 ID x 0,78 OD x 0.9 LONG)
ISOLATED WEIGHT, 7 POUNDS

Frequency Input Output Output
(c.p.s.) Input
4,0 67.00 71.00 1.06
4.9 69,00 74,00 1,07
5.0 65,00 73.00 1.12
5.8 59 .00 69 .00 1,37
6.0 52,00 63,00 1.21
6.5 45,00 56,00 “ .24
7.0 39.00 50,00 1.29
7.5 34.00 46,00 1.35
8.0 29,00 41,00 1.41
8.5 24 .00 37.00 1.54
9.0 19.50 33,00 1,69
2.5 16,00 30,00 1.88
10,0 12,00 27 .00 2.28
10,8 9.00 25,00 2,78
11.0 6.00 22,50 3.78
11.5 4,50 20,50 4.56
12.0 5,80 18,50 3.36
132.3 8.50 16.50 1.94
13.0 12.20 15,00 1,23
13.5 16,50 13.00 79
14,0 20,50 11.00 54
14.5 25,00 9,00 «36
15.0 27,00 6.50 24
15.5 29,00 4.30 18
16, 30,00 3,00 .10
16.5 29,00 2.40 .08
17, 29.00 2,50 .09
17.8 29.00 2,60 .09
18.0 28,00 2,50 .09
18,5 18,00 2.40 .13
19.0 12,00 3.00 25
19,5 12,60 3.30 .26
30,0 13.20 3.50 27
32.0 14,50 4,00 .28
24,0 12.60 3.30 «26

(k)
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3 TABLE 16 (Continued)

Frequency Input Output Output
(c.p.s.) Input
26.0 12.10 2,50 ' 21
28,0 12,60 1.60 13
30,0 6.00 3.00 .90
32.0 7.00 <,00 .29
34.0 7.50 1.60 .21
36.0 8.50 1.50 .18
38.0 6.80 2,00 .29
40,0 4,00 2.00 .50
42.0 2,90 2.00 .70
44 .0 1,30 1.80 1,38
46.0 .40 1.40 3.50
48.0 .20 1.10 5.50
50.0 «30 1.00 3.33
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40 -DUROMETER NEOPRENE
(0.375 ID x 0,75 OD x 0.9 LONG)

ISOLATED WEIGHT, 7 POUNDS
REFERENCE TABLE 16

' ..llll

10
REQURICY - C.P.8.

Pigure 39. Rubber Pivot Risponse Curve
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TABLE 17

DAVI TRANSMISSIBILITY TEST DATA
RUBBER PIVOT CONFIGURATION
40-DUROMETER NATURAL RUBBER (0.375 ID x 0,75 OD x 0.9 LONG)
ISOLATED WEIGHT, 5 POUNDS

—
—

Frequency Input Output Output
( c.P.l.) npu
8.0 50.00 61.00 1,22
6.0 55,00 71.00 1.29
7.0 51,00 78.00 1.52
8.0 31.00 63.00 2.03
8.5 26.00 66.00 2.54
9.0 23,00 54.00 2.35
9.5 27.50 39.50 1.43
10.0 32,00 23.00 72
10.5 34.50 14.00 41
11.0 35.00 10.00 .29
11.3 35.00 10.00 29
il1,.8 34.80 10,00 29
12.0 34.20 11.20 .33
13.0 32.00 13,50 42
14.0 29.50 14,20 .48
15.0 27.00 14,00 51
17.0 23,00 13.00 .06
20,0 17.50 11.00 .63
25,0 12,40 8.60 .69
30.0 8.60 5.30 .62
35,0 5.90 4,00 .68
40,0 4.00 2,80 .70
50.0 2.90 2,40 .82
60.0 2.00 1,70 .85

|
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100 ~ 40-DUROMETER NATURAL RUBBER
(0.375 ID x 0.75 OD x 0.9 LOWG)

ISOLATED WEICHT, 8 POUNDS
REFERENCE TABLE 17
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PREQUEBICY -~ C.P.8.
Figure 30. Rubber Pivot Response Curve
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TABLE 18

DAVI TRANSMISSIBILITY TEST DATA
RUBBER PIVOT CONFIGURATION
6S-DURCMETER NBOPRENE (0,378 ID x 0,73 OD x 0.9 LONG)
NORIZONTAL EXCITATION

Prequency Input Output Output
(c.p.s.) Toput
5.0 54.00 62.0 1.18
6.0 43,00 50.0 1.16
6.5 37.00 45,0 1.22
7.0 32,00 40.0 1.25
7.5 26.00 34.0 1,31
8.0 21.50 29,0 1,35
8.5 18.00 26,0 1.44
9.0 15,00 23.0 1.53
9.5 12,00 20,0 1.67
10.0 10,00 18.0 1.80
10.3 8.00 15.7 1.96
11.0 6,50 15,0 2,31
11.3 5.00 13.5 2,70
12.0 3.40 12,0 3.53
12.3 3.00 10.6 3.53
13.0 3.50 9.4 2,69
14.0 6.60 7.7 1.17
15.0 11.10 5.8 52
16.0 15,50 3.5 .23
17.0 17.20 2.5 .15
17.2 36.00 5.0 .14
18,0 36.50 5.7 .16
19.0 32.00 7.1 022
20.0 31,00 8,0 .26
22.0 25.50 9.1 .36
24.0 20.00 Tal .39
26.0 15.0C 6.3 42
28.0 17,00 6.2 .95
30.0 14,80 5.1 «35
32.0 14.20 4.0 .28
34.0 15.10 2,5 i
36.0 6.50 1,5 .23 i

38.0 2.30 2.0 .87
40,0 1.00 1.6 1,55
42.0 1.28 9 T2
44 .0 1,00 1.3 1,30 ,
46,0 .80 1.1 1,38
48.0 1.18 1.0 .87
59,0 1.1 9 W77
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100 =
65-DUROMETER NEOPRENE
(0.375 ID x 0,75 OD x 0.9 LONG)
HORIZONTAL EXCITATION
REFERENCE TABLE 18
10~
1 S

TRANBMISSIBILITY, Ty

.001

| 10 70

FREQUEBICY - C,P.8.
Figure 31, Ruhber Pivot Response Curve



TABLE 19

DAVI TRANSMISSIBILITY TEST DATA
RUBBER PIVOT CONFIGURATION
65-DUROMETER NBOPRENE (0.375 ID x 0,75 OD x 0.9 LONG)

ISOLATED WEKIGHT, 5 POUNDS
-

]
o
b

FreqQuency Input Output Output
(Copo.o) Input tb’:
5.0 50,00 55,00 1.10 ,
5.5 45.00 50.00 1.11 ’
6.0 41.00 47,00 1.15
6.5 37.00 44,00 1.19
7.0 34.00 40.00 1.18 |
7.5 30,00 36.00 1.20 f
8.0 27.00 32,00 1.18 .
8.5 24.00 29.00 1.21 &
9.0 21.00 27.00 1.29 '
9.5 18.00 24,00 1.33
10.0 17.00 23.00 1.35 3
10.5 15.00 20,00 1.33 b
11.0 13.00 19.00 1.46 (.
1165 11000 17.00 1054
12.0 9.60 15,00 1.56 it
12.5 9.00 14.50 1.61 3
13.0 7.60 13.20 1.73 o
13.5 6.60 12.20 1.85 i
14.0 5.60 11.20 2,00 g
14.5 4,60 10.30 2,23 |
15.0 3.60 9.20 2.56 ;
16.0 1.80 7.60 4.22 |
17.0 .80 6.70 8.37 ;
18.0 2.40 6.60 2,75 LoF
1900 3.80 5.80 1.53 . {
20.0 5.10 5,30 1.04 (O ¢
22.0 8.40 1,50 .54 4k
24.0 11.90 2.10 .18 R
2600 11 010 1.20 010 i f
28.0 7.00 1.55 .22 SR
30.0 6.20 1.60 .29 3
32,0 5.60 1.50 .25 é ,
34.0 5.10 1.40 .27 ¥ |
36.0 4.70 1.20 .26 .5
38,0 4.50 1.00 .22 i |
40.0 3.40 1.05 .31 tod
é k
- = i
$
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TABLE 19 (Continued)

Frequency Input Output Output
(c.p.s.) Tanput
42,0 2,00 5:1.) 47
44.0 1.50 .90 .60
46,0 1.20 1.05 .87
48.0 1.15 1.00 .87
50,0 1.10 .85 77
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100 ~
65- DUROMETER NREOPRENE
(0.375 1D x 0,75 OD x 0.9 LONG)
ISOLATED WRIGHT, 5 POUNDS
REFPERENCE TABLE 19
mor
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Figure 332, Rubber Pivot Response Curve 4
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TABLE 20

DAVI TRANSMISSIBILITY TEST DATA
EFFECT OF ISOLATED WEIGHT ON RUBBER PIVOT CONPIGURATION
40-DUROMETER NEOPRENE (0.375 ID x 0,75 OD x 0.9 LONG)

ISOLATED WEBIGHT
Frequency 5 Lb. 7 Lb, 9 Lb, 11 Lb, 13 Lb., 15 Lb.

(c.p-s. )
5.0 1.10 1.14 1.18 1.24 1.41 1,37
6.0 1.19 1,32 1,43 1,70 2.09 2,28
7.0 1.20 1,39 1.71 2,00 3.56 4.67
7.4 - - - - - 5.13
7.5 - - - - 4.07 -
7.7 - - - 5.54 - -
8.0 1.44 2,08 - 5.08 2.00 2,07
8.5 - - 4.36 - - -
8.8 - 4,00 - - - -
9.0 2.35 3.33 2,00 0,95 0.57 0.61
9.4 3.00 - - = - =
10.0 1,06 0.54 0.53 0,23 0.16 0.23
10.8 - - - 0.11 0,08 -
11.0 0.25 0,16 0.13 0.10 0.09 0.06
11.1 0.24 - - - - -
11.2 - - - - - 0.06
11.5 - - 0.11 - - -
12.0 0.37 0026 0012 S 0.14 0009
13. 0.49 0.37 - 0.25 0.22 -
14.0 0,57 0.43 0,26 0,30 0.25 0.20
16.0 0.72 0,54 0.37 0.40 0.32 0.22
18.0 0.66 0,59 0.50 0,40 0.34 0.23
20,0 0,75 0.62 0.5 0,42 0.41 0.23
25.0 0.8 0,71 0.68 0.48 0.75 0.58
30.0 0.94 0.85 - 0.89 0.87 0.77

i
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100 ~ 40 -DUROMETER NEOPRENE
' (0.378 ID x 0.75 OD x 0.9 LONG)
4 REFERENCE TABLE 20
| |
10~
‘I
.:/ \
)
& -
: \ go7
E --“;
d f/a
8 /
a v
g 1
e = ISOLATED WEIGHT, 5 POUNDS
e « ISOLATED WEIGHT, 7 POUNDS
o1 ¢+ = ISOLATED WEIGHT, 9 POUNDS
001
saaal 1
) 10 70
N PREQUENCY - C.P.8.
{ Pigure 33a. Effect of Isolated Weight on Rubber Pivot
Conf iguration
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100 ~ 40-DUROMETER NEOPRENE
(0.378 ID x 0.75 OD x 0.9 LONG)

REFERENCE TABLE 20

10~

£ -\ .
g Ak /./
5 *

¢ = ISOLATED WEIGHT, 11 POUNDS

ISOLATED WEIGHT, 13 POUNDS
ISOLATED WEIGHT, 15 POUNDS

01

.001

-1

| 10
FREQUENCY - C.P.8.

Pigure 33b, Bffect of Isolated Weight on Rubber Pivot
Configuration
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TABLE 21

VARYING INERTIA AND ISOLATED WERIGRT
Krracr & RUBBER PIVOT CONFIGURATION
40-DURCMETER NEOPRENE

m—
nS—

Inertia (I) Antiresonant Fre.aency (W, )
Isolated Yeight (w) Transmissibility (Tp)
Resonant Frequency (wyg )

1 w iy « TD Isolation
(lbéuc. (1b) (cps) (cps) (%)
ine)

. 034 ) 9.1 10.20 «333 66.7
10 7.8 10.20 .124 87.6
15 6.9 10,00 .081 91.9
.040 S 8.3 9.50 .385 61.5
10 7.3 9.10 .158 84.2
15 6.5 9,00 105 89.5
.044 S 7.6 8.40 452 54 .8
10 6.6 8,30 179 82.1
15 5.9 8.10 .097 90.3
.084 10 6.4 7.70 231 76.9
18 5.9 7.60 151 84.9
20 5.5 7 .40 091 90.9
069 10 5.8 6.90 273 T2 7
15 5.8 6.80 .195 80.5
20 5.2 6.80 148 85.2
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ISOLATION AT ANTIRESONANCE

100

70
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40 DUROMETER NEOPRENE

W = ISOLATED WEIGHT (LB)

I = BAR INERTIA (LB-IN-SEC
| REFERENCE TABLE 2!
[ ]

ANTIRESONANT FREQUENCY , W, - C.P.8,

Pigure 34, Variation of Antiresonant Frequency and
Isolation With Bar Inertia and Isolated
Veight
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TABLE 22

EFFECT OF VARYING INERTIA AND ISOLATED WEIGHT
RUBBER PIVOT CONFIGURATION

65-DUROMETER NBOPRENE
Inertia (I) Antiresonant Frequency («w, )
Isolated Weight (W) Transmissibility (Tp)
Resonant Frequency (wy)
w g a Tp Isolation
(lbéu\.. (1b) (cps) (cps) (%)
in<)
.027 10 11.40 16,30 141 85.9
15 10,00 15.30 .087 91.3
20 8.50 13.80 .051 94.9
.034 10 10.60 13,90 197 80,3
15 9.30 13.40 117 88.3
20 8.10 12,60 . 064 93,6
.040 10 9.90 12,60 . 258 74 .2
15 8.80 12,00 .146 85.4
20 7.90 11,70 ,093 90,7
.044 10 9.40 11,60 . 273 72,7
15 8.50 11,20 155 84,5
20 7.20 11.00 111 88,9
.054 10 8.80 10,60 315 68.5
15 8.10 10.40 .200 80,0
20 7.10 10,10 130 87.0
.069 10 8.10 9.50 «390 61.0
15 7.40 9.20 . 369 73.1
20 6.80 8,60 177 82,3
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. E ./ 65- DUROMETER NEOPRENE
( W = ISOLATED WEIGHT (LB)
: 1 = BAR INERTIA (LB-IN-8EC3)
§ k! REFERENCE TABLE 22
|

,_,i ,_*_. | i
’ B | 13 14 18 216 17 18

ANTIRESONANT FREQUENCY, @\ - C.P.8,

Pigure 38, Variation of Antiresonant Frequency and

Isolation With Bar Inertia and Isolated J
Veight
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Two-Dimensional DAVI Model

Figure 38.
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Figure 39. Two-Dimensional DAVI Model Mounted
for Vertical Excitation
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TABLE 23

TWO-DIMENSIOMAL DAVI TRANSMISSIBILITY TEST DATA
15° FLEXURAL PIVOT
VERTICAL RXCITATION

S el

Output
?;. .o.n. y Output Input npu
8.8 .04 .84 )|
6.0 79 .63 1
7.0 1.18 .83 3
7.5 1.01 .26 3
7.9 1.80 .09 16.70
8.0 1.88 .04 36.90
8.1 1.48 .14 10,60
8,8 1,00 .32 3.23
9.0 .54 .39 1,38
9.5 .37 .40
10,0 11 .39
10.8 .02 .37
10.7 .003 .36
10.8 .003 .36
11.0 .02 35
11.8 07 .33
\3.0 .10 .32
13.0 .13 .38
14.0 13 25
18.0 .13 .22
20,0 .08 .13
25,0 .08 .08
30.0 .03 .08
40.0 .03 .03
60.0 . 007 .008
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100 F 159 PLEXURAL PIVOT
VERTICAL EXCITATION
REFERENCE TABLE 23
i
10 -
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.001
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1 . 10 70

ma - C.’. 'o

Figure 40, Response Curve for Two-Dimensional DAVI -
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TABLE 24

TWO-DIMENSIONAL DAVI TRANSMISSIBILITY TEST DATA
18° FLEXURAL PIVO
VERTICAL EXCITATION

ll

Outgut
n enc tpu
(co'q’}l. '.)y Output Input Input
$.0 .60 .68 .88
6.0 .83 .83 1.28
6.5 1.10 .59 1.86
7.0 1.88 .49 3.16
7.5 1.50 .08 19.30
7.6 1,52 .02 72.40
7.7 1.58 .09 16.85
7.8 1.42 .18 7.98
8.0 1.12 .29 3.86
9.0 <38 .40 .70
9.5 12 .40 30
10.0 .03 .38 .07
10.2 .008 .38 .02
10.4 .001 .37 .003
10.8 .004 .36 .0l
10.8 .02 .38 .08
11,0 .04 34 .13
12.0 10 .30 «33
14,0 .12 .23 .53
15.0 13 .21 .58
20.0 .07 .13 .63
a5.0 .08 .08 .59
30.0 .03 .08 .64
40, .03 .03 .76

'ﬂ
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100 ~

10

ol

TRANSNISSIBILITY, Tp

«001

Figure 41,

18° PLEXURAL PIVOT
VERTICAL EXCITATION
A REFPERENCE TABLE 24

10
ma - CoP.B.
Respoase Curve for Two-Dimeasioaal DAVI
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TABLE 25

TWO-DIMENSIONAL DAVI TRANSMISSIBILITY TEST DATA
15° FLEXURAL P1lvVOoT
VERTICAL BXCITATION

Output
Output Input
(8 A ™ ] o1
8.8 1,93 1.86 1.04
6.0 2.328 1.88 1.21
6.5 2.60 1.77 1.47
7.0 1,78 1,03 1,74
7.3 1,90 1.01 1,88
7.8 2,28 .98 2,33
8.0 2.78 .73 3.81
8.4 2.8 .48 6.33
8.8 2.90 40 7.25
9.0 3.08 .86 2.38
9.8 1.14 1.12 1,02
10,0 .86 1.14 .58
10.8 «36 1.10 32
11.0 17 1,08 .16
11.3 .10 1.01 .09
11.8 .04 .98 .04
11,6 .01 .96 .01
12.0 .09 93 .09
13.0 17 .80 .3l
14.0 .31 .70 29
15.0 .31 .83 .33
20.0 16 34 .46
as, 10 .30 80
30.0 .07 .14 .88
40, .04 .07 .56
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15° PLEXURAL PIVOT
VERTICAL EXCITATION
REFERENCE TABLE 25

10 70
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Figure 43, Respoanse Curve for Two-Dimeasional DAVI
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Figure 43.

Two-Dimensional DAVI Model Mounted
for Lateral Excitation
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15° FLEXURAL PIVOT
LATERAL EXCITATION

TABLE 26
TWO-DIMENSIONAL DAVI TRANSMISSIBILITY TEST DATA

{Toquon Output Input Output

CePeS. Input
3.5 .67 .86 .78
6.0 .90 .86 1,08
6.0 1,18 .78 1.47
6.8 1,00 .58 1.72
6.9 1) .50 1.0
7.0 .96 .43 2.23
7.2 1.22 .40 3.05
7.5 1,65 33 5.16
7.7 1,87 .31 9.00
7.8 1,96 .13 18.08
7.9 2,00 .08 33.33
8.0 1,98 .08 33.50
8.1 1,90 .31 9.13
8,8 1.42 44 3.328
9.0 .88 . 1.63
9.8 .03 .13 .98
10,0 31 .53 59
10.3 34 .50 .48
10,4 .18 .48 «38
10.6 13 .47 .38
10.8 .09 .46 .30
11,0 .08 44 13
11.4 .008 .43 .008
11,8 .003 .41 008
11.6 009 .40 .03
11.8 .03 39 .09
13.0 .08 .38 14
13.0 .13 33 «38
l‘oo 015 0“ Ou
18,0 .16 33 71
20.0 33 .08 S.96
”00 0“ .“ 1.33
30,0 <04 .08 .89
40,0 .03 .03 49
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TRANSRISSIBILITY, Tp
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0l

«001

18° FLEXURAL P1VOT
LATERAL EXCITATION
REFERENCE TABLE 26

P W W W U W e |
10

FREQUEICY - C.P.8.
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Pigure ¢4¢. Respoase Curve for Two-Dimemsional DAVI
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Figure 46.

Two-Dimensional DAVI Model
Mounted Showing Isolation in
the Oblique Direction
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TABLE 27

TVO-DIMENSIONAL DAVI TRANSMISSIBILITY TEST DATA
15° FLEXURAL PIVOT
OBLIQUE EXCITATION

e —

Output
c0$l.0.n. Output Input Ti'p%
5.5 .64 A7 .83
6.0 .90 .78 1.20
6.5 1.23 .87 1.85
7.0 1,00 .34 3.99
7.4 1,57 .32 7.07
7.8 1,68 .18 10,98
7.8 1.77 <8 31.33
7.7 1,78 .02 80.91
7.8 1.78 .10 17.80
8.0 1,62 .25 6.40
8.5 1.05 30 2.10
9,0 .64 .56 1.13
9.9 37 .38 .87
10,0 .81 .53 .40
10,9 .10 .49 <30
11.0 .03 .46 .08
11.2 . 008 .44 .01
11,3 .001 .43 .002
11,8 . 008 .42 .01
11.7 .02 .41 .08
13.0 .04 39 .11
13.0 .09 .34 37
14.0 .10 29 .38
15.0 .11 .25 -43
20.0 .09 .13 .71
35.0 .14 .08 3.93
30.0 .01 .07 .16
40,0 .03 .03 5 A
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100 . 18° PLEXURAL PIVOT
‘ OBLIQUE EXCITATION
§ REPERENCE TABLE 27
10}
;L
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" \ \
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001}
A 1 I Iy I 4 4 B l
) 10
. PREQUENCY - C.P.8.
{ Pigure 47 . Response Curve for Two-Dimensional DAVI
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TABLEB 28

TVO-DIMENSIONAL DAVI TRANSMISSIBILITY TEST DATA
15° FLEXURAL PIVOTS
VERTICAL EXCITATION

|

ISOLATED WEIGHT
Frequency

(c.p.s.) SLB, 10LB, 15LB, 20LB, 3018,
5.0 1.03 1.09 1.13 1.18 1,80
6.0 1,04 1.18 1.38 1.48 2.320
7.0 1,09 1.38 1.54 3.08 4.46
8.0 1.13 1.80 a.50 3.48 1.61
8.2 - o - 3.80 1.72
8.4 - - - 7.00 1,97
8.8 1.28 2,05 4.40 O 1,61
8.6 - - - 8.00 1,03
soa - = % 2.“ 069
8.’ - C 1..70 - -
9.0 1,38 3.10 8.30 1,584 .47
’.2 - - - .93 .35
9.4 - 16,10 - .67 .31
’.5 1.‘5 7.“ 1.21 - -
9.6 - - - .44 14
9.8 ).looa - - 028 .lo

10.0 - - .38 .18 .08
10.2 .05 J O .“ .03
10.4 - - - .0l .02
1005 - .oz .oz Cond .02
10.6 - - - .08 .03
10.8 - - . - .10 .08
11,0 .60 .31 .31 .14 .08
13.0 .80 .54 .38 24 .08
13.0 .88 .68 49 .03 .11
14.0 .88 .71 .81 .38 .88
18.0 .89 73 .54 .18 1.48
17.0 .88 .78 .53 1.03 .92
20.0 93 .76 .63 91 .88
a8.0 .98 .81 1,02 .88 .80
30.0 .96 .88 .81 .82 .78
38.0 .98 .82 .78 .80 .73
40.0 .96 .87 .80 .78 .71
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100 15° FLEXURAL PIVOTS
VEKTICAL EXCYTATION
ISOLATED WEIGHT, 5 POUNDS
REFERENCE TABLE 28

SMy e |

10

—

01
001
PO S S e | J
) 10 70

FREQUEBNCY - C.P.8.

Figure 48. Respoase Curve for Tvo-Dimensional DAVI
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TRANSMISSIBILITY, Tp
-

.01

.001

Figure 40,

15° FLEXURAL PIVOTS
VERTICAL EXCITATION

ISOLATED WEIGER":, 10 POUNDS

REFXRENICE TABL.c 28

!
f
/

oemo—*

l‘l

10
FREQUEICY - C.P.8.

Response Curve for Two-Dimensional DAVI
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100 ~ 15° FPLEXURAL PIVOTS
VERTICAL EXCITATION
ISOLATED WEIGHT, 18 POUNDS
| REFERENCE TABLE 23
ol |
/
0—"/ ’
1P /\ _
.‘ﬁ .o' U
o
.01 ’
.001 |
I\ A2 a2 a2l J
2 10 70

ma - C. ’o .o

Pigure 50. Response Curve for Two-Dimensional DAVI
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100 - 15° YLEZURAL PIVOTS
VERTICAL EXCITATION
1SOLATED WEIGHT, 30 POUNDS
REFPERENCE TABLE 28
10 -
§
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Figure 81. Responsc Curve for Two-Dimensional DAVI
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100 o~ 15° FLEXURAL PIVOTS
VERTICAL EXCITATION
ISOLATED WRIGHT, S0 POUNDS
REPERENCE TABLE 28
10k
[ ]
P4 \A _
) B E \._,
\ o
e 1
E |
2 \
a .lh ) \-
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,001
- A W | J
1 10 70

FREQUENCY - C.P.8.
Figure 38. Response Curve for Two-Dimensional DAVI

116

]
|
4

S8 L TSP T, I I e

i‘.

B L N




19PON

xadweq JITV YTt
[ .\
1IAVd TBUOTSUdWI(J-OAL °€G 2an3td

—— ¢ ——— —

117



é i'*,:'
[

TABLE 29

TVO-DIMENSIONAL DAVI TRANSMISSIBILITY TEST DATA
180 FLEXURAL PIVOTS
VERTICAL EXCITATION (AIR DAMPED)

Relative
Damping Frequency Output Input Output i
Rate (c P8, ) Input ;
Zero 5.5 1.52 1.35 1.13 i
6.0 1.80 1.33 1.35 )
6.5 2,03 1.22 1.66 :
7.0 1.87 .84 2,23 g
7.2 2.18 .81 2.69 ;
7.5 2,67 .70 3.81
7.7 2,97 .54 5.50
8.0 3.22 .13 24,21
8.1 3.20 .07 45.71
8.3 2.56 .40 6.43
8.5 2,10 .61 J.44
9.0 1.22 .82 1.49
9.5 .67 .87 77
10,0 .40 .85 .46
10.5 .20 .81 .25
11.0 .07 .77 .09 i
11.3 .004 .74 .005
11.5 .04 .71 .06
K- .10 .67 .15
13.9 .16 .59 .26
14.0 17 .51 .34
15.0 .18 .45 .39
17.0 .16 .35 .46
20.0 12 .25 .48
22.0 .10 .21 .50
25.0 .09 .16 .56
30.0 .06 .10 .60
35.0 .05 .07 .71 ,
40,0 .03 .06 .39 » ¥ i
1 5.5 1.80 1,55 1.16
6.0 2,06 1.52 1.36 b
6.5 2.15 1.28 1.68 j
7.0 2,12 .97 2.19 ‘ )
7.5 2,90 7 3.77

|
s
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TABLE 29 (Continued)

”1‘:1'. Frequency Output Input Output
Muto ng (c.p.s.) Input
1 7.7 3.15 .57 5.53
8.1 3.15 17 19,10
8.3 2,70 42 6.43
8.5 2,23 .63 3.57
9.0 1.35 .90 1,50
9.5 .80 97 .82
10.0 .45 9 47
11.0 .09 .86 .10
11.3 .02 .82 .02
11.5 .04 .81 .05
12.0 .11 .76 .14
13.0 17 .66 « 26
14.0 .19 .08 «33
15.0 .20 o1 .38
17.0 .18 .40 45
20.0 .13 .28 .48
22.0 12 23 «9C
25.0 1.00 .18 54
30.0 .07 .11 .62
35.0 .06 .07 s 19
40.0 .02 .07 30

3 5.5 1.92 1,62 1.19
6.0 2,20 1.58 1.39
6.5 2.25 1,33 1,69
7.0 2.22 1.03 2.16
7.2 2.51 .97 2,59
7.5 2,93 .80 3.66
7.7 3.12 .63 4,99
8.1 3.00 26 11.45
8.3 2,67 .40 6.68
8.5 2.30 .60 3.83
9.0 1,37 .90 1,53
9.5 0.80 1.00 .80
10,0 0.48 .98 49
10.5 0,35 .94 «26
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TABLE 29 (Continued)
Relative

Damping  Frequency Output Input Output
Rate (c.p.s.) Input

| 11.0 .10 .89 .11

11.4 .04 .84 .05

11.7 .08 .80 «10

12,0 11 .78 15

13,0 .18 .67 « 26

14,0 .20 .61 .33

15.0 «20 .54 .38

17.0 .19 42 .45

20,90 .14 +30 .46

22,0 12 24 .50

25,0 .10 .18 54

30.0 .07 «12 .62

35.0 .06 .08 .78

40,0 .02 .08 32

3 5.5 1.83 1.58 1.16

6.0 2,07 1.5 1.34

6.5 2,14 1.35 1,59

7.0 1.96 1,02 1,92

7.2 2.14 .97 2+.21

7.5 2,38 .86 2.77

7.7 2,50 .14 3.38

8.5 2,22 .38 5.81

8.7 1,97 .52 3.83

9,0 1.56 .68 2.29

9.5 0,97 .87 1.12

19.0 .62 .90 .69

10.8 .38 .90 42

11.0 19 .86 22

11 08 007 080 .09

12.0 .08 .78 11

13.0 .15 .68 .15

14.0 .18 .61 .30

15.0 <19 53 +«36

17.0 .18 41l 44
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TABLE 29 (Continued)

——um—

g::;:;;e Frequency Output Input O“tEit
Rate (c.p.s.) Inpu
3 20,0 .14 .28 .49
22,0 .12 .24 50
25.0 .10 .18 .54
30,0 07 012 .61
35,0 .06 .07 A7
40,0 .02 .07 .30
4 5.5 1.92 1.69 1.14
6.0 2,13 1.63 1.31
6.5 2.13 1.45 1.47
7.0 2,00 1,13 1.76
7.2 2.18 1.11 1,96
TS 2.45 1,03 2,38
757 2,65 .93 <,00
8.0 2,95 71 4,16
8.6 2,90 .21 14.15
9.0 2,21 .99 3.78
9.5 1.43 .90 1.59
10.0 .86 .99 87
10,5 .50 .98 .01
11.0 .29 .94 o |
11.5 .12 .88 .13
12,0 .03 .84 .04
13,0 .13 W73 .18
14,0 .18 .65 .28
15.0 .19 1) 33
17.0 .18 .43 44
20,0 .15 .30 .49
22,0 13 25 .49
25,0 .10 +19 .04
30.0 .08 .12 .62
35.0 .06 .08 17
40,0 .02 .08 31
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100 -

15° FLEXURAL PIVOTS
VERTICAL EXCITATION
R AIR DAMPED (c = 0)
REFERENCE TABLE 29
10— I
I
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Figure 54. Response Curve for Two-Dimensional DAVI
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TRANSNISSIBILITY, T

100 ~ 15° FLEXURAL PIVOTS
VERTICAL EXCITATION
AIR DAMPED (c = 1)
REPERENCE TABLE 29
10 -
A
' [ ]
1P ¥ \
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\ /SN \
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i A I: I ¥ H I\ ll l
| 10 70

MCY b c.’.’.
Figure 55. Response Curve for Two-Dimensional DAVI
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100

15° FLEXURAL PIVOTS
VERTICAL EXCITATION
AIR DAMPED (c = 2)

REFERENCE TABLE 29
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Figure 356.

FREQUENCY - C.P.8.

Response Curve for Two-Dimensional DAV]
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100

10

TRANSMISSIBILITY, T
-
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Pigure 87.

15° FLEXURAL PIVOTS
VERTICAL EXCITATION
AIR DAMPED (c = 3)
REFERENCE TANLE 29

lLllll

10
mc‘ - c.’. ’o
Response Curve for Two-Dimensional DAVI

128

\ p-&-»-v-



o on

100

10

15° FLEXURAL PIVOTS
VERTICAL EXCITATION
AIR DAMPED (c = 4)
REFERENCE TABLE 29
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Figure 88. Response Curve for Two-Dimensional DAVI
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TABLE 30

TWO-DIMENSIONAL DAVI TRANSMISSIBILITY TEST DATA
150 FLEXURAL PIVOTS
VERTICAL EXCITATION (LIQUID DAMPED)

RO

Relative
Damping Frequency Input Output Output
Rate (c.p.8.) Input
Zero 5.0 87.00 125,00 1.44
5.5 86.00 140,00 1.63
6.0 76.00 146 .00 1.92
6.2 64.00 159.00 2.48
6.4 54.00 161,00 2.99
6.6 43,00 161.00 3.75
6.8 29,00 159,00 5.49
7.0 15.80 146,00 9.25
7. ) 11.00 140,00 12.70
7.2 12.40 138,00 11.10
7.4 19,50 127,00 6.52
7.6 29,00 113.00 3.89
7.8 38,00 99.00 2.61
8.0 44,60 84 .00 1.88
8.5 57.00 53.00 .93
9.0 60,00 36.50 .61
9.5 65,00 22,50 .35
10,0 65.00 12,30 .19
10,2 65.00 10.00 .15
10.4 65.00 6.90 11
10,6 64,00 4.75 .07
10.8 64.00 2.70 .04
11.0 53.00 1.00 .02
11.2 52,00 .40 .01
11.4 51,00 1,58 .03
11.6 51,00 2.60 .05
11.8 53.00 3.70 .07
12,0 51,00 4,60 .09
14,0 44,00 8.20 .19
16,0 39,00 9,60 25
20,0 27.80 9.20 33
30.0 12,80 4,90 .38
40,0 6.10 4.45 73
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TABLE 30 (Continued)

Relative
Damping Frequency Input Output Output
Rate (c.p.s.) Input
1 5.0 103.00 121.00 1.18
5.2 103.00 123,00 1.29
5.4 102,00 126.00 1.23
5.6 101.00 127,00 1,26
5.8 99,00 128,00 1.30
6.0 96 .00 129,00 1.35
6,2 93.00 129,00 1,38
6.4 89.00 129,00 1.45
6.6 84 .00 128,00 1.52
6.8 79.00 128,00 1.62
7.0 78.00 128,00 1.64
7.2 71.00 126,00 1,78
7.4 65.00 125,00 1.93
7.6 57.00 123,00 2,16
7.8 51.00 120,00 2,36
8.0 44 .00 117,00 2,66
8.2 37.00 113,00 3.08
8.4 30,00 109,00 3.64
8.6 24 .00 105,00 4,38
8.8 20.00 100,00 5.00
9.0 18,00 98.00 5.28
9.5 25.00 81.00 3.24
10,0 38.00 64,00 1.69
10,2 41.00 60,00 1.46
10.4 46,00 53.00 1.15
10.6 49 .00 49,00 1.00
10,8 $1.00 44,00 .86
11,0 54 .00 39.00 .72
11.2 56.00 35.00 .63
11.4 56.00 31.00 ¢55
11.6 58.00 27,00 47
11.8 59.00 24,00 41
12,0 59,00 21.00 .36
12,5 59 .00 15.00 «25
13.0 59.00 10,00 .17
13,5 57 .00 6.00 .11
14,0 58,00 5,00 .09
14,5 56 ,00 4,40 .08
15,5 52.00 4,65 .09
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TABLE 30 (Continued)

Relative

Damping Jrequency Input Output Output
Rate (c.p.s)) Input
1 16.0 50.00 5.10 .10
16.5 46.00 5.00 .11
17.0 36.00 4.90 .14
20.0 32,00 6.70 .21

2 7.0 6G.00 101.00 1.68
7.5 48.00 96.00 2.29
8.0 33.00 89.00 2.79
8.2 30.00 87.00 2,90
8.4 24,00 84 .00 3.50
8.6 20.00 81.00 4,05
8.8 17.00 77.00 4,53
9.0 15.00 72,00 4.80
9.5 19,00 62,00 3.26
10,0 28.00 50.00 1.79
10.2 32,00 48,00 1.50
10.4 36.00 44,00 1,22
10.6 38,00 40,00 1.05
10.8 41,00 37.00 .90
11.0 43.00 33.00 i
11.2 44.00 30,00 .68
11.4 45,00 27.00 .60
11.6 46,00 24,00 .52
11.8 47.00 21,00 .45
12,0 48.00 18,00 .38
12.5 48.00 13,00 .27
13.0 48,00 9.00 .19
13.5 47.00 6.00 .13
14,0 46,00 4.50 .10
14.5 45,00 3.70 .08
15.0 43.00 3.60 .08
15.5 42,00 3.60 .09
16.0 40,00 4.00 .10
16.5 39.00 4.40 .11
17.0 32,00 4,30 .13
20,0 27.00 5.00 .19
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TABLE 30 (Continued)

Relative
Damping Frequency Input Output Output \
Rate (c.p.s.) Input 3
S 5.0 104.00 143,00 1.38
5.5 94.00 167 .00 1,77
6.0 67.00 171.00 2,55
6.5 37.00 160,00 4.33
6.8 20,00 147 .00 7.35 I
6.9 17,00 144,00 8.47
7.0 18,00 139.00 7.71
7.2 26.50 125,00 4,73
7.5 41,00 103.00 2,51 |
8.0 58.00 62,00 1.07 ~
8.5 69.00 48,00 .70 i
9.0 72.00 32.00 44 LA
9.5 76,00 20,00 +26
10.0 76.00 11.80 .16
10.2 75.00 8.60 .12
10.4 74.00 7.30 .10
10.6 74 .00 5.40 .07
10.8 74 .00 4,90 .07
11.0 72,00 4,65 .06
11.2 71.00 4,80 .07
11.4 70,00 5.10 .07
11.6 69,00 5.80 .08
11.8 68.00 6.50 .09
12.0 66,00 7.10 .11
14.0 54.00 11.00 .20
16.0 44,00 11.60 +26
18.0 31.00 9,70 .31
20,0 31.00 8.00 «25 y
25.0 20,00 7.10 +36
30,0 14,50 4.40 .30
40,0 7.60 3.50 .46

-
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TABLE 30 (Continued)

Relative

Damping Frequency Input Output Output
Rate (c.p.s.) Input

4 5.0 41.00 64,00 1.56

5.5 39.00 73.00 1.87

6.0 28,50 75.00 2,63

6.5 15.00 69 .00 4.61

6.9 8.10 58,00 7.16

7.0 9,30 55.00 5.91

7.2 12,00 49,00 4,08

7.5 16.20 42.50 2,62

8.0 24,00 30,00 1.25

8.5 27.00 21.00 .78

9.0 29.00 14 .30 .49

9,5 31,00 9,30 .30

10,0 31,00 5.50 .18

10.2 31.00 5.00 .16

10.4 31,00 4.10 .13

10.6 30,00 3.50 12

10.8 30,00 3.20 11

11.1 29,00 2.80 10

11.2 29,50 2,75 .09

11.4 29,00 2,71 .09

11.6 28,80 2,80 .10

11.8 28,00 3.20 .11

12,0 27.00 3.40 .13

14,0 23.00 4,50 .30

16,0 18,50 4,70 25

18.0 13.10 3.80 .29

20,0 12,20 3.50 .29

25.0 8.80 3.00 .34

30.0 5.80 1,70 29

40.0 3.10 1.35 .44

8 5.0 39.00 50,00 1.13

5.5 35.00 60,00 1.71

6.0 26,00 58.00 2.23

6.5 17.00 51.00 3.00
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TABLE 30 (Continued)

Relative
Damping Frequency Input Output Output
Rate (c.p.s.) Input
¥
) 7.0 13.60 44,00 3,23 k&
7.2 13.50 41,00 3,08 3
7.5 15.00 34,00 2,26 4
8.0 19.00 24,50 1,36 3
8.5 23,00 17.50 .76 g
9.0 24 .00 13,50 .56 *
9,5 «6,00 89.70 37
10.0 26,00 6.60 .25
10,2 26,00 5.80 .23 ]
3ol 26,00 5.00 .19 ~
10,6 26,00 4,80 .19 *
10.8 35,70 4,55 .18 r
11,0 25.30 4,22 17
11.6 24,30 3.80 .16
)y 8 24,10 3.80 .16
12,0 23,80 3.75 .16 )
12.5 22.80 3.82 17
13.0 21.80 4,00 .18
14.0 19.80 4.23 21
16.0 15,30 4,30 .28
18,0 11,50 3.38 29
20.0 11,00 2.95 37
a5.0 7.70 2,62 34
30.0 5.10 1.53 .30
40,0 2,80 1.20 43 ;
8 8.0 91.00 92.00 1,00
5.5 80,00 94,00 1,02
6.0 86.00 92.00 1,07
6.5 81.00 89,00 1.10 ~,
7.0 74 .00 84.00 1.14 ;
702 11 .00 82.00 1.16 :;
7.4 66.00 80,00 1,21 T
7.6 64 .00 78.00 1,22

il
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TABLE 30 (Continued)

Relative

Damping Frequency Input Output Output
Rate (c.p.s.) Input

6 7.8 60.00 76.00 1.27

8.0 57.00 74 .00 1.30

8.2 54,00 71,00 1.31

8.4 51.00 70,00 1.40

8.6 48,50 70.00 1.44

8.8 47.00 67,50 1.44

9.0 44,00 65,00 1.48

9,2 41 .00 64 .00 1.56

9.4 38.40 62,00 1.61

9,6 35,20 60,00 1.70

9.8 32.00 58,00 1.81

10,0 29,80 56,00 1,88

10.5 22,50 52,00 2.31

11.0 19.10 49,50 2.59

11.5 20,50 44 .30 2,16

12,0 26,80 38.00 1.42

12,5 32,00 32,00 1,00

13.0 38,00 25.80 .68

14,0 44,00 14.80 .34

15.0 45.20 8.10 .18

16.0 43.20 4,85 «11

16.5 42.00 4.40 .10

17.0 38.00 4.60 .12

17.5 29,00 3.45 .12

18,0 32.00 4.40 14

18,5 31.50 4,70 .15

19.0 29.50 5.00 17

20.0 28 .00 5.00 .18

25,0 18,00 5.10 .38

30.0 13.00 3.25 25

40,0 6.50 2.8% 44

7 5.0 83.00 108,00 1.30

5.5 76,00 109,00 1.43

6.0 64,00 103,00 1.61

6.5 53 91.00 1.72
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TABLE 30 (Continued)

Ralative
Damping Frequency Input Output Cutput
Rate (c.p.s.) Input
7 7.0 45.50 81.00 1.78
7.5 42.20 67.00 1.60
8.0 41.50 55.00 1.32 )
8.5 42,10 46,50 1.11 i
9.0 43.90 39.00 .89 :
9.5 45.00 32,00 .71
10.0 46 .00 26,00 57
10.5 46,10 21.70 .47
11.0 46.10 18.00 .39
11.2 46,00 17.00 .36 _
11.4 46,00 15.90 .35 7
11.6 46,00 14,80 32
11.8 45.50 14,70 .32
12.0 45.20 14.10 .31
12.5 45,00 12,60 .28
13.0 44,00 11.50 .26
13.5 42.70 10,50 .25
14,0 41.20 10.00 .24
14,5 40,00 9.50 24
15.0 38.50 9.10 24
16,0 35.80 8.50 24
17.0 29,00 7.20 +25
18,0 25,60 6.80 27
20.0 24,50 6.00 «25
25,0 16.00 5.30 .33
30.0 11.80 3.40 .29
40,0 6.20 2,70 44
8 5.0 81.00 114,00 1.41
5.5 78,00 114,00 1.46
6.0 69.00 109,00 1.58 '
6.2 65,00 104,00 1.60
6.4 61.00 100,00 1.64 y
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TABLE 30 (Continusy)

Relative Frequency Input Output Output
Damping (c.p.s.) Input
—Bate
8 6.5 60,00 98,00 1.63
6.6 58.00 95.00 1.64
6.8 55.00 89.00 1,61
7.0 52.00 85.00 1.63
1.2 50.00 80.00 1.60
7.4 47 .30 78,00 1,65
7.6 47,00 73.00 1.55
7.8 46,00 69.00 1.50
8.0 45,90 64 .00 1.39
8.2 45.80 59.00 1.29
8.5 45.80 52,00 1.14
9.0 46,00 43,00 .93
9,5 43,10 33.80 .78
10.0 43.00 28,50 .66
10,2 43.00 26,70 .62
10.4 43,00 25.10 .58
10,6 43.30 23.50 .54
10.8 43.30 22,30 .52
11.0 43 .40 21.10 .49
11.2 43.40 20,00 .46
11.4 43.10 19.00 44
11.6 42.90 18,00 42
11.8 42,80 17.00 .40
12.0 42.40 16.10 .38
12,5 42.10 14.60 «35
13.0 42.00 13.50 .32
13.5 41,00 12.50 .30
14.0 39.90 11.75 .29
14.5 38.70 11.10 29
15.0 37.59 10.60 .28
15.5 36.30 10.20 .28
16.0 35.20 9.90 .28
16.5 34.00 9,70 .28
17.0 32,50 9.60 .30
17,5 31.00 9.10 .29
18,0 31.70 7.50 24

138

—— - e o —— ———— - ——— o -

e Lo - S o Tt e T T aiatn B



TABLE 30 (Continued)

- ——————
Relative

Damping Frequency Input Outpat Output
Rate (c.p.s.) Input

8 18,5 30.80 8.60 .28

19.0 31.00 7.40 24

20,0 30.00 6.00 .20

25,0 19.50 4,90 25

30.0 13.60 4,72 .34

40.0 7.10 6,40 .90

9 5.0 79.00 116,00 1.47

5.5 71,00 122,00 1,72

6.0 58.00 120.00 2,07

6.2 53.00 117,00 2,21

6.4 45.70 113.00 2,47

6.6 41.50 105,00 2,53

6.8 38.00 98.00 2,57

7.0 36.00 93.00 2,58

7.2 36.80 84,00 2,28

7.4 37.00 77.00 2,08

7.6 38,20 67.50 1.77

7.8 40.00 61.00 1,53

8.0 42,00 56,00 1,33

8.2 43.60 49,00 1.12

8.4 46,00 44,00 .96

8.6 47.00 39,70 .84

9,0 49,00 31.80 .65

9.5 51.00 23.50 47

10.0 46.50 16.90 « 30

10,2 46.50 15.50 .33

10.4 47.00 13.90 .30

10.6 47.50 12,70 27

10.8 47,50 11.90 25

11.0 47 .30 11.10 .24

11.2 47.00 10.70 + 23

11.4 47.00 9,90 21

11.6 46,30 9.40 « 20

11,8 46 .00 9.10 «20
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TABLE 30 (Continued)

—— ———

Relat.lve

Damping Frequency Input Output QEEEEE

Rate (c.p.s8.) Input

9 12,0 45,30 8.9Nn .20
12.5 44 .70 9.00 .20
13.0 43.30 8.70 .20
13.5 42,00 8.70 .21
14.0 40,10 8.60 .21
14.5 39,00 8.80 .18
15.0 37,80 8.90 .24
17.0 33,30 8,40 25
20.0 27.20 7.70 .28
25.0 17.40 6.10 .35
30,0 12,30 4.80 .39
40.0 6.50 4,95 .76
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Figure 59. Response Curve for Two-Dimensional DAVI
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TABLE 31

UNIDIRECTIONAL DAVI TRANSMISSIBILITY TEST DATA
160 FLEXURAL PIVOTS

VERTICAL EXCITATION ¢
$
Output :
tput
O W Toput Qutpu Toput %
5.0 51.00 45.00 .90 ;
6.0 45,00 59,00 1.31 i
7.0 43.00 70.00 1.63 .
8.0 30.00 98.00 3.27 X
8.8 10.90 88,00 8.07 ‘
9.0 20.50 72.00 3.50 !
9.5 32,00 30,00 .94 }
10.0 34.00 10.00 .29
10.4 35.00 .35 .01 i
11.0 33.50 6.10 .18 :
11.8 33.00 8.50 .26 !
12.0 31.00 10.00 .32
13.0 29,00 11.20 .39
15.0 23.50 11.20 .47
17.0 20.00 10,20 .51
20.0 15.80 8.50 .54
25.0 10.50 6.20 .59
30.0 7.50 4.50 .60
35.0 5.40 3.20 .59
40.0 4.20 2.50 .60
48.0 3.40 2.10 .61
30.0 3.70 1.60 .59
60.0 1.70 1.10 .65
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TABLE 32

UNIDIRECTIONAL DAVI TRANSMISSIBILITY TEST DATA
7-1/2° FLEXURAL PIVOTS
VERTICAL EXCITATION

Frequency Input Output Qutput
(c.p.s.) Input
5.0 50.00 54.00 1.08
8.5 51,00 56.00 1.10
6.0 51.00 56.00 1.10
6.5 50.00 56 .00 1,12
7.0 48,00 56.00 1.17
7.5 46.00 55.00 1.20
8.0 44,00 55.00 1.25
8.5 40.00 56 .00 1.40
9.0 35.00 60.00 1.71
9.2 31.00 64.00 2.
9.4 26.00 70,00 a.
9.6 14.10 78.00 5.
9.8 10.00 66.00 6.
10.0 30.00 33.00 ) |
10.2 36.00 10.00 .28
10.3 36.50 .90 .02
10.4 36.50 5.10 .14
10.6 36.50 11.20 31
10.8 35.00 15.00 .42
11.0 34.80 17.50 .50
11.8 32.00 20,00 .63
12.0 30.00 31,00 .70
13.0 26,00 20,00 17
14,0 33.00 18,80 .80
15.0 31.00 17.00 .81
17.0 17,00 14.00 .82
19.0 14.20 12,20 .86
20,0 13.00 11.20 .86
a5.0 8.90 7.60 .88
30.0 6.00 5.20 .86
35.0 4.30 3.88 .90
40.0 3.10 2.98 .95
80.0 3.30 1.10 .
60.0 1.20 1.10 .91
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MASS AND CENTER OF GRAVITY EFFIECTS
ON_TRANSMISSIBILITY

DESIGN OF DAVI TEST PLATFORM

The Optimum DAVI

The optimum DAVI design from Task 4 is shown in Pigure 71,
It had performed well in tests, under Task 4, and had a
S0-pound load-carrying capacity duo to the use of a stiff
flexural pivot which was doing double duty as the spring
element and as a frictionless pivot. Thus, four new
models of this type were constructed, leaving the existing
test model from Task 4 as a spare.

The Unstiffened Platform

Preliminary investigation of the problem of constructing
a working platform was kept simple. The four DAVI's were
tuned to antiresonate at the same frequency (10.5 c.p.s.).
They were then clamped underneath the four corners of a
36-inch-by -21-inch sheet 0f honeycomb aluminum sheeting
and bolted by means of a 36-inch-by-21-inch sheet of
3/4-inch plywood to an electromagnetic shaker and tested
for frequency response from 8 c.p.s. to 100 c.p.s.

It was found that this arrangement was satisfactory up to
a load of approximately 850 pounds. But, with loads in
excess of S50 pounds, the static deflection of the platform
was significant. Also, under dynamic condit'‘ons, es-
pecially at the DAVI resonant frequency, because of the
large vibratory deflection in the pivots, overloads could
develop quite rapidly.

The large deflections also gave cause for concern that
the flexural pivots were being subjected to an excessive
amount of lateral torsion for which they were not de-

signed.
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Figure 72a. DAVI Platform Schematic

DAVI Plate
Lateral _ AlLoad ;Z'
Torsion \
\’7’ — \Lateral

DAVI
R%I(’t > 3 Shaker Table « Torsion
‘ = | Shaker l —

Figure 72b. DAVI Platform Schematic

FPigure 72a is a typical cross section of the platform
through the DAVI pivot axes with the platform unloaded.
Pigure 72b is an exaggerated view of the platform now
loaded to large deflections. The relative positions of
the DAVI axes and the edges of the platform and the sup-
porting plates, before and after loading, clearly
indicate that lateral torsional forces would tend to
bend the flexural pivot perpendicular to its (designed)
torsional axis. In extreme cases, this bending will have
a significant effect on the torsional spring constant of
the pivot.

The actual DAVI itself at this time was still a transitional
configuration. The flexural pivots were doing double duty
as the spring element and as the frictionless pivot. 1In
the preliminary process of tuning a DAV to a specific fre-
quency, this configuration was found to be very sensitive
to any misalignment in the surfaces to which the upper

and lower plates of the DAVI were attached. This corrobo-
rated the observations of the previous paragraph.
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Furthermore, under conditions of sinusoidal loading, un-
wanted low frequency resonant peaks, due to the flexi-
bility of the platform, distorted the frequency response
characteristic to such an extent that correlation with
theoretical response curves was impossible.

All these considerations pointed to the necessity for
stiffening the platform.

The Four-Bar Linkg!g

However, it was also feared that a stiffened platform
would introduce new problemr. The cowmbination of

a rigid platform, a rigid supporting structure, and two
DAVI's in line constitutes a four-bar linkage (see
Pigure 73).

Rigid Platform (Link 1)

DAV] Bars
(Links 2 & 3)

Rigid Supportins Platform
(Link 4)

Figure 73. DAVI Platform Four-Bar Linkage

Elementary geometry dictates that for perfectly rigid

links the motion of such a structure is severely limited.
Yet, the present work required that the inertia bars of
both DAVI's have complete independence of motion. Although,
the angular motions of the DAVI inertia bars would be
small, it was still thought that, even if the DAVI anti-
resonant effect was not impaired, the fatigue life of

the pivots would be drastically reduced.
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Subsequent testing showed that most of the advantages
hoped for, and none of the disadvantages feared, were
forthcoming from the sti.fened platform.

Thus, on the one hand, while stiffening greatly reduced
the platfora deflections and the lateral torsional torque
on the flexural pivots and removed to higher frequencies
the unwanted extraneocus resonant peaks, the DAVI's were
still quite sensitive to slight misalignment of mating
faces. On the other hand, the four-bar rigid linkage
effect was never in evidence, either in performance tests
or in fatigue tests.

The Pinal DAVI Cbnti‘uratlon

The last problems, that of stress in the flexural pivots and
that of sensitivity in tuning of the DAVI to misalignment, W
were solved by changing the DAVI configuration, Where-

as the flexural pivots had been required to act also

as spring elements, they were now relieved of this duty

by including a parallel spring to take the main load (see
Figure 74). This was done mainly to solve the stress
problem, which is discussed subsequently. However, it
also served to make the DAVI's less sensitive in tuning

to mating face misalignment, since the flexural pivot
stiffness was greatly reduced. The reduction in sensi-
tivity to misalignment is explained by the fact that a
stiff flexural pivot, subjected to appreciable lateral
torsion, experiences a percentage change in torsional
spring constant; and, thus, the antiresonant frequency

of the DAVI, which is directly proportional to this

spring constant,will change by the same percentage. The
new configuration, being sensitive to misalignment only
insofar as the torsional spring constant of a much softer
flexural pivot is involved, will thus alter the antiresonant
frequency to a much smaller degree.

Shock Test

Since the platform was also to be tested under shock v
loading conditions, retaining clips were made to ia- .
sure that the parallel helical spring would be able to
wvithstand negative forces. These clips were subsequently
required to be strengthened. The shock results are dis-
cuseed elsevhere.

i
'
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The Last Alteration

While considerations of weight economy were involved in
solving the problem of constructing a working platform, this
factor had not been allowed to play a dominant role.
However, a good working platform war now in being. It

was designed to support '00 pounds i{or a 1.0-g input at

the tuned frequency and to give infinite life., The DAVI's
also could be easily tuned to a specific frequency.

Consideration could now be given to weight savings within
the DAVI configuration,

Hitherto, the criteria used in designing the DAVI was
compactness and ease of calculation. Both of these were
achieved by arranging the DAV] inertia bar to be

balanced about the isoiated mass pivot; that is, R/r = 1,

However, more efficient use is made of the DAVI mass, and,
thus, some weight economy is achieved by arranging the mass
center of gravity such that thol mass terms in the equiva-
lent DAVI inertia expression, 1 . m 5 are
significant. P yet™e §(§ .)'

By using this criterion, the actual weight of each DAVI
wvas reduced approximately 50 percent by removing

half of each inertia bar with further reduction possible
if required. This is shown in Pigure 77.

The final overall configuration of DAVI and the platforam
used in testing is shown in Pigure 74. A close-up is shown
in Pigure 75. Loads up to 200 pounds were tested without
difficulty.
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Figure 75.

Close-up of DAVI
Installed on Platform
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S IX-DEGREE-OF-FREEDOM ANALYSIS

The Platform

The six-degree-of-freedom svstem analyzed here is drawn
diagrammatically in Figure 76. It consists of & bhottom
platform called the DAVI-plate, supported at each corner
by a DAVI, and a top platform called the top-plate,
supported on the DAVI plate by a conventional isolator
at each corner,

Assumptions

In the analysis, the corners of both top-plate and the
DAVI plates are assumed to have vertical freedom of motion
only. In terms of the overall system, this means that
there sre six degrees of freedom; that is, vertical
translation, pitch, and roll in each plate.

Equations of motion are derived for general coupled
motion by locating the center of gravity of each plate
eccentric to the axes of symmetry.

The amplitude of input motions to the system are assumed
to be such that angular motions of the DAVI bars remain

in the small angle range. Thus, linearized simplifications
are used throughout.

In order that the system have an antiresonance, it is
necessary that the four DAVI's have an antiresonance at
the same frequency. Thus, the analysis assumes that the
four DAVI's have the same inertia, mass, and dimensional
characteristics,

DAVI Configuration

In the practical testing, two configurations of the DAVI
were used. In the early stuges of testing, the DAVI bar
was balanced arcund the mass pivot (see Figure 71). This
allowed a simplification of the formula for the anti-
resonant frequency anu was a convenience in predicting
performance. Later, significant weight savings were
effected by altering the mass-inertia configuration of
the DAVI bar. The new configuration is shown in Figure 77,
However, the analysis includes both configurations.
Pigure 78 shows the final DAVI configuration with nomen-
clature,
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THE ANALYSIS

In Figure 76, ''Series-Damped DAVI 7 Platform Schematic",
is indicated that the top-plate and the DAVI-plate both

it

have freedom to pitch, roll, and translate vertically. The

position direction assumed for each motion is indicated by
the appropriate arrow,

TOP-PLATE - -

Figure 76. Series-Damped DAVI 7
Platform Schematic
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\menm\ WEIGHT
INERTIA BAR
INERTIA HOUSING

SUPPORT PLATE

PIVOT SUPPORT
/ FLEXURAL PIVOT

Figure 78, DAVI Assembly
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Thus, vertical motion of each corner of each plate can

be expressed as follows:

Next, the geometry of each DAVI bar rotating through

Z;y =Z;: 4+ A + 01N

Z,, =Zp ~ &b + Ppn

Zy,=Z1 — 6, B + ¢ N
203-20"" GD(J —¢Dm
ZT3=2T+GTA-¢TM

204-20— 60 b _¢Dm

zT4-zT _eT B —¢TM

angles 6N (N =1, 2, 3, 4) produces the following

relations:

from which

Zn = zDN(‘-§) + Rzg

164

(54)

(55)

(56)

(57)

(59)

(60)

(61)

(62)

(63)

-~ am



-5 - e ._.._..»<-r7
- L EEe= . —

where N = 1, 2, 3, 4 refers to conditions at each corner,

From (63) and (54):
2,=(1-F)(Zp+opa+0pn)+ Bz, 0
From (62) and (56):
Z,=(-F)Zo-epob+dpn)+ Bz, s
From (63) and (53):
R .
2,=(1-F)@Eo+0pa-dym+ Rz, o
From (6J) and (60):

R R
Next, from (62) and, in turn, (54), (56), (58), and (60):

e, =+ (2o +6pa + 0, n)- <+ 2 (67)

e? 'T'.(ZD —eD b + ¢0 h)--‘l_—zs (68)
|
8, =+ (Zp —6pa - g m)-? 2 (69)
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The kinetic energy expression for the system can now
be written:

Tesm 2 d 5110+ 31 04+ g Mo 2L+
%lbéoz""a"lo‘i)o"*'
. . : .42
-ém,{[l-%)(zo-i- 6y a+ dpn) +§— 25] +
> R g « < €
[('"?)(io‘eo b4 &g n +-§ Z,| +
?

(- B0 8ob - b+ B |+

’T %‘[<ib—éoa'+ ébn"és)z +
(ép"épb"' &Dn—.zs)' -l-
(Zot 6,2 — &g m-24) +

Fo-6ob-dpom-25)° | o)
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The Potential Energy is:

V-z'-KDEZD+GDa+¢oh—Z.s§z+
Zo-Opb+®pn-2y)" +
?
Z-D-Sob—Cbom-zs)?]-*-
TR (BZ1+OTA+ON-Zp -85 a - B pn)+
(Zy-©7B+01N-25 +©5 b - Pon) +
(Zr+61A-OM -2 -©pa +Pom)+

(Zr -©18B -0 1M—Zp +60p b +¢Dm)‘] (72)
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Dissipation Punction:

]

D= 3G, 27 +5Cor®r +3C4r O 302 E3Ce, 0y +
E'C%!&o"‘i’co{[("g)(io* &pa +Ppn) + '?‘is ]+
i-PlEp-Sob+don)+ X 2, ]+

- B, +©a-dom+ B2 ]¢+
(-HGEo-Spb-0om+B 2 ].}4-

?"Ce[(éo*'éoq +6on-és)z ~+

(Zo-6p b +Opn-z)' +

(2,+ 6pa - éom-i’-s)‘ +

Zo-©p b- dom-2)'] 3
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EQUATIONS OF MOTION

The equations of motion are derived by Lagrangian methods.
After grouping terms they are:

Z+ equation

MyZ1+Cy Z1+4Ks2yr+2Ky (A-B)Ot -

2Kt (M-N) O1 -4 Ky Zp-2Ky @-b)o +

2Kx (m-n) bp =0 (™

© 1 equation
2KT (A-B)Z++ 11 ©7 +Cor O1+ 2Ky (A4 BY) O -

Kt (A-B)(M-N)Oy-2 Ky (A-B)Zp -
2kt (A +B b)©p + Kt (A8Mmn)p=- O (75)

¢T equation ..
-2K~ (M-N)ZT- YT (A"B)(M’N)QT + 1y Pyt

Cor Or+2KT(MHN)Pr+2Ky (M=-N) 2o +
Kt (a-B)(M-N)Bp -2KT (MM +NN)Op =0 (16)
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eo equation
2[m1- B+ h] @- B gt 2[- B Co +Col@-B 2o +
2(kptkr)(a-b)Zp +
{ Ip+2(at+6t) [m.(1-B)%+ %,]} 6o+

{ceo+z(a‘+ b) K\- E)‘co-me]}é o + i
2 (@' +b) Ko +K1)00-@-B) (Mm-n)[(1I-§)' m.+ 4] $o—
@- O =) (- $)C o+ Co] bo - ,

(a-b)(im-n)(Kp+K7)®p-2Ky (a-b) Z v —
- 2(Aa.+Bb) Ok +(M-N)(@-b) GKy

= 2(a-0)[- R (-8)m, + L]E, +
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¢D equation
-2 (mn)[(- &) me+ k] 2o +2 mYket) o —

2(m-n[(-B)’co+CalZo— 2(m-n) (Ko+K1)Z o —

(Mm-N@-B)[(1-8)'m.+ h]80 -

(m-N)@-b)(-§) Co+Cel 00 -

(m-n)@-b)(Kr + Kp)op +

{to+ameend) (=) m.+ L]} 6o +

{C%* 2(m'+n')[(\-§)'Co+Co]}6D+a\<T(m-n)z, +
(A=) (m-n) K1 ©1-2(Mm +Nn) Ky

=2 (m-n) [ (- B) mo- ] &

e(m-n) [§ (- 8)co-col2zs— 2kp (M-n) 25 (8)
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ZQ equation
[Mo +am, (1- B)2+ a L,] Zo+fey o 401-B) CoracZst

4(Ko +KDZo 2 (@-b)[m. (1-B)*+ L] 8 o +
2(a-b)[(I- B)Cp + Co) 6pt2 (a -b) (Ko+KnOp +
2(m-m[me(1-8Y% v Op -
2(m-n)[(1-B)°Co +C3] ® o+
2 (m-n) (Ko+ K1) Gp-2KT (AB O 1+
2KT (M-N)bT -4 KT ZT

=a[meF (- - ]2Zs -

a[B(1-B)cp -Co] Z5-4KpZg ()
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2 Ky (A-B)

-2 Xt (M-N)

-4 Ky

-2 (a-b) K~y

2Ky (m-n)

I
MW Cz (W + 4Ky

-
|

———— e — ey = - —

{
? ZKT(A'B\
|

f 5 > = —
!

CelrwieCortlw
+ 2K (At BY)

! -y (A-B)(M-N)
-2X~y (A-B)

-2(Aa+Bb)K~y

(A-B)(m-n) Kt
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[

-ITw‘+c¢Téw
| 42Ky (M4 N?)

S = — — > = —

2Kt (M-N)

l
!
|
|
!
!

i(M~N)(¢l -b) Xy

-2(Mm+Nn)ky

Figure 79.
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+{Ca,4a(1-B)'Cp + 4 Colw +2(a-

I + 4 (Kp+Ky) +

e Ak T
#e(a-bY(1-2) Cp+Co} (w Moot
+2(a-b) (Kp+Ky) 4
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TEST RESULTS
DAVI X Isolated Platform

Tables 33 through 38 give the numerical results and
Pigures 80 through 85 show the graphical results of the
tests conducted on the DAVI O Isolated Platform. These
tests were conducted for isolated weights of 55, 150,
and 200 pounds with a neutral center of gravity. Three-
inch lateral and longitudinal of {set center of gravity
tests were conducted at 150 pounds, and a test with a
3-inch lateral offset center of gravity at 200 pounds
was done alsc.

It is seen from these results that although the magnitude
of the isolated mass did change the natural frequency

of the system, it did not affect the antiresonant fre-
quency and that over 98-percent isolation at this fre-
quency was obtained in all cases.

Series-Damped DAVI 7’ Tgolated Platform

Table 39 and Pigure 86 give the numerical and graphical
results of the Series-Damped DAVI‘Y Isolated Platform

test. This platfora was constructed as shown in Pigure

76. Conventional rubber mounts were used between the
intermediate or DAVI-plate and the isolated platform.

No external damping was used, and only damping obtained
from the conventional rubber isolators is refle.ced in

the testing. It is seen fros the test results that two
modes of motion were obtained, and at the natural fre-
quencies the transmissidbilities were greater than 1.0.

This was due to the minimums amount of damping in the
system. It is also seen that the antiresonance was not
affected by the imtroduction of the Series System and

that 97-percent isolation was odtained. The high frequency
isolation as obtained in the test approached sero as in

a coaveational isolator. Amalysis has showan that, with
proper dampiag, over 80-percent isolation could be obtained
for the second mode of motion on the Series-Damped DAVI,

Tables 40 and 41 show the mumerical results and Pigures 87
and 88 give the graphical results of the vertical and
lateral excitatiocas on the Series-Damped DAVIY” 1Ilsolated
Platforn. It is seen from these results that the vertical
isolatioa wvas not affected by the lateral input,
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Siangle DAVIOC

Table 42 and Figure 89 give the results of a test on a
Siagle DAVI Ot . These results, when compared to the
results of the DAVICC Isolated Platform, are essentially
the same, and they give the same antiresonant frequency.
It is seen, therefore, that the four DAVI's acting in
parallel did aot affect the tuned frequency.

Conventional Isolation System

Table 43 and Figure 90 give the results of a test made on
a coaventional isolation system. This conventional sys-
tem was obtained by removing the DAVI's and leaving only
the spring. This was done for & 158-pound isolated
weight with a neutral center of gravity. Therefore, a
direct comparison can be made between Figure 90 and
Pigure 81, the results of the same condition, but with
DAVI isolation. It is seen with this comparison that

the DAVI isolated platfors had a natural frequency of

6.8 c.p.s. and the conventional system had a natural fro-
quency of 9.0 c.p.s., even though the spring rates are
identical. The DAVI isolated platform started to isolate
at 8.0 ¢c.p.s., below the resonance of the conventional
systen, whereas the conventional system started to iso-
late at 12.5 c.p.s. At the tuned frequency of the DAVI,
98-percent isolation was obtained, and at this frequency
the conventional system had an amplification of 5.57.

The frequency at which the isolation for both systems
became identical is approximately 17.5 c.p.s.

Correlation

Correlation of the analytical and test results was made.
The results of the calculations are shown on Figures 81,
83, 85, and 86 and compared directly to the test results.
Although equations of motion for six degrees of freedom
were derived, only the analysis of the single degree of
freedom 0f the DAVI CX was required to correlate the
results given in Pigures 81, 83, and 85. The two-degree-
of-freedom Series-Damped DAVI 77 equations were used to
correlate the results of Pigure 86. It is seen from
these results that excellent correlation was obtained.
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TABLE 33

DAVI OC ISOLATED PLATFORM TRANSMISSIBILITY TEST DATA
CENTRAL CENTER OF GRAVITY
ISOLATED WEIGHT, 55 POUNDS

Output

Frequency Input Output l—tL
(c.p.s.) nput
5.0 3.20 4.00 1.25
5.5 3.70 5.00 1.35
6.0 4.20 5.70 1.35
6.2 4.40 6.00 1.36
6.4 4.50C 6.50 1.44
6.6 4.70 7.50 1.59
6.8 4.80 8.00 1.67
7.0 5.00 8.80 1.76
7.2 4.90 9.50 1.93
7.4 4.60 10.50 3.28
7.6 3.80 11.00 2.89
7.8 2.80 10.30 3.75
8.0 1.30 9.20 7.07
8.2 .15 7.00 46.70
8.4 1.00 5.20 5.20
8.6 1.70 4.00 5.41
8.8 2.10 3.00 1.42
9.0 2.50 2.20 .88
9.2 2.80 1.50 .53
9.4 2.90 1.05 .36
9.6 3.20 .65 .20
9.8 3.30 .30 .09
10.0 3.50 04 .01
10.23 3.50 25 .07
10.4 3.50 .45 .13
10.6 3.70 .60 .16
10.8 3.50 70 .20
11.0 3.60 .85 .24
11.2 3.60 .98 .26
11.4 3.80 1.10 .39
11.6 3.50 1.18 .33
11.0 3.50 1.20 .34
12.0 3.60 1.30 .36
13.93 3.50 1.40 .40
13.0 3.30 1.40 .42
13.5 3.20 1.40 .44
14.0 2.80 1.30 .46
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TABLE 33 (Con*t1inued)

——
am—

Output
Frequenc Input Output ok 1A
(C.cll).l.)y P P Input
14.5 2.80 1.30 .46
15.0 2.60 1.30 .50
16.0 2.30 1.20 .52 ]
17.0 2.00 1.10 .58 i
18.0 1.70 1.05 .62 “
19.0 1.50 .95 .63 ;
20.0 1.40 .85 .61 &
232.0 1.05 .70 .66 1
24.0 .85 .60 .7 )
26.0 .65 .50 .77 ;
28.0 .52 .42 .81 ¢
30.0 .45 .38 .84 :
32.0 .35 33 94 ;
34.0 .29 .29 1.00
36.0 .24 .25 1.04
38.0 .19 .23 1.21
40.0 .16 .21 1.31
42.0 .12 .19 1.58
44.0 .12 .19 1.58
46.0 .10 17 1.78
48.0 .06 16 2.67
50.0 .06 17 2.83
52.0 .06 15 2.50
54.0 .02 15 6.82
56.0 03 15 5.00
58,0 .08 10 1.25
60.0 .04 15 4.29
62.0 .05 .16 3.20
64.0 .10 .18 1.80
66.0 15 .16 1.07
68.0 10 15 1.50
70.0 .19 .23 1.21
72.0 .33 .33 .69
74.0 .13 .08 .58
76.0 .13 .05 .35
78.0 .06 .10 1.67
80.0 11 .16 1.52
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TABLE 33 (Continued)

b— = —_—— — —————— —

Output

Frequenc Input Output —
(c.%.l.)y = Input
82.0 .34 .38 1.11
84.0 .19 .08 .42
86.0 .11 .16 1.46
88.0 .28 .37 1.323
90.0 .20 .13 .68
92.0 .16 .15 .94
94.0 .10 .17 1.70
96.0 .02 .28 14.00
98.0 .08 .15 3.08
100.0 .07 .06 .89

|
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Figure 80. Response Curve for DAVI
Isolated Platform
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TABLE 34
DAVI OC ISOLATED PLATFORM TRANSWUISSIBILITY TEST DATA

CENTRAL CENTER OF GRAVITY
ISOLATED WEIGHT, 150 POUNDS

—— —_——

¥ Input Output Qutput
U C npu

(r ce.qp 5. )y P P Input
5.0 16.00 80.00 1.75
5.2 16.00 84.00 1.87
5.4 16.00 89.00 2.06
5.6 15.00 92.00 2.33
5.8 13.00 88.00 2.69
6.0 11.00 75.00 3.00
6.2 8.50 96.00 3.76
6.4 6.00 90.00 85.16
6.6 3.30 76.00 8.48
6.8 0.75 58.00 29.30
6.9 1.15 50.00 16.52
7.0 1.80 49.00 10.50
7.2 3.80 45.00 4.47
7.4 5.50 40.00 2.72
7.6 7.00 35.00 1.85
7.8 8.50 36.50 1.29
8.0 10.00 16.00 1.00
8.2 11.00 17.00 .81
8.4 12.50 15.00 .60
8.6 13.50 12.50 .48
8.8 15.00 10.50 .36
9.0 16.00 8.00 .28
9.2 17.00 6.00 .21
9.4 18.00 4,70 .15
9.6 18.00 3.10 .10
9.8 19.00 1.30 .06
10.0 20.00 .45 .02
10.2 21.00 1.50 .03
10.4 22.00 2.90 .06
10.6 22.00 4.10 .08
10.8 22.00 5.10 .11
11.0 23.00 6.10 .13
11.2 23.00 7.00 .15
11.4 23 .00 8.30 .16
11.6 23.00 9.20 .19
11.8 24.00 10.10 .19
12.0 24.00 11.00 .31
12.5 23.50 17.50 .24
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é TABLE 34 (Continued)

Frequency Input Output Outp%t
(c.p.s.) Inpu’
13.0 23.00 6.80 .25
13.5 23.00 9.10 .27
14.0 22.00 9.50 .29
15.0 20.00 10.00 .29
16.0 18.00 7.70 .34
17.0 16.00 8.40 .38
18.0 14.50 7.10 .40
19.0 13.50 6.60 .41
20.0 12.00 6.00 . 43
23.0 10.00 5.10 .48
24.0 8.80 4.65 .50
26.0 7.20 4.35 .55
28.0 6.20 3.10 .59
30.0 5.20 2.80 .67
32.0 4.50 2.60 .13
34.0 3.70 2,30 .86
36.0 2.90 1.90 1.00
38.0 2.10 1.70 1.24
40.0 1.30 1.40 1.69
42.0 .90 1.40 2.11
44.0 .85 .50 1.88
46.0 1.05 .30 1.57
48.0 1.20 2.30 2.33
80.0 1.80 1.80 1.51
53.0 2.60 .50 1.11
54.0 3.80 1.60 .78
56.0 4.80 1.90 .64
58.0 5.80 1.50 .48
60.0 6.80 1.30 .44
62.0 9.00 2.00 .43
64.0 10.50 1.60 .36
66.0 11.00 1.10 .35
68.0 11.50 1.00 .39
70.0 12.00 .90 .35
73.0 11.50 .70 .38

N 74.0 7.00 .40 .30
' 76.0 3.50 .40 .49
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TABLER 34 (Continued)

. c Input o0 Eoat Output
uen

cc.qp.s. i P d Input
78.0 6.00 1.08 .41
80.0 6.20 1.10 .89
82.0 4.00 .50 .68
84.0 2.80 .30 .50
86.0 3.00 .40 .37
88.0 3.90 .45 .51
90.0 5.00 .50 .50
92.0 5.00 .45 .38
94.0 3.30 .45 .64
96.0 4.20 .48 .50
98.0 3.50 .48 .36

100.0 7.50 .48 .29

ﬁ
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?'.' TABLE 35
gi DAVI OX ISOLATED PLATFORM TRANSNISSIBILITY TEST DATA
'y CENTRAL CENTER OF GRAVITY
= | ISOLATED WEIGHT, 200 POUNDS
i
| Tapu Qutput
: g ' i ?(a%u.e.:l. nput Output Toput
4 |
8 | 5.0 6.70 14.00 2.08
. 5.2 6.00 15.00 2.50
5.4 4.80 13.50 2.81
5.6 4.20 14.00 3.33
4 5.8 3.00 13.00 4.33
| 6.0 2.00 12,50 6.2%
' 6.2 1.05 12,50 11.90
6.4 .45 10.00 22.22
’ 6.6 .95 7.00 7.37
é | 6.8 1.60 6.00 3.75
g 7.0 2.20 5.80 2.64
7.3 2.90 4.80 1.66
7.4 3.30 4.50 1.36
7.6 3.80 3.40 .89
7.8 4.30 3.50 .81
8.0 4.80 3.30 .69
8.2 5.20 2.90 .56
8.4 5.80 2.50 .43
8.6 6.00 2.20 .37
8.8 6.50 1.80 .38
9.0 7.00 1.50 .21
9.2 7.30 1.20 .16
f 9.4 8.00 .98 .13
, 9.6 8.30 .70 .08
¢ 9.8 8.80 .45 .08
4 { 1000 9020 028 003
1 | 10,1 9.50 .33 .03
1 10.2 10.00 .35 .03
g 10.4 10.50 44 .04
- 10.6 10.50 .63 .08
g v 10.8 10,50 .88 .08
by T 11.0 11,00 1.10 .10
3 11.3 11.00 1.30 .13
, 11.4 11.00 1.50 .14
A 11.6 11.00 1.78 .16
11.8 11,50 1.90 N7
13.0 12,00 2.20 .18
]
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TABLE 35 (Continued)

Output

ut

Py LRP Qutp Toput
12.5 11.50 1,80 .16
13.0 11,30 2.30 .20
13.8 11,50 2.50 22
14.0 11,00 2.60 .24
15.0 10,00 2.70 27
16.0 9,20 2.80 .30
17.0 8.20 2.60 .32
18.0 7.80 2.50 32
19,0 6.80 2,50 37
20.0 6.20 2.40 .39
22.0 5.20 2.20 .42
24.0 4.50 2,00 44
26.0 3.80 1.90 .50
28.0 3.20 1,80 .56
30.0 2,60 1.80 .69
32.0 2,20 1.70 s 04
34.0 1,60 1.60 1,00
36.0 1,10 1,30 1,18
38.0 .88 1.30 1.48
40,0 55 1.15 2.09
42.0 .45 1.10 2.44
44.0 .65 1.05 1.62
46.0 75 1,10 1.47
48.0 1,05 1.50 1.43
50.0 1,40 1,50 1,07
52.0 2,30 1,80 .78
54.0 3.20 2,00 .62
56.0 3.70 2.40 .65
58.0 4.20 2.00 .48
60.0 4.50 2,20 .49
62.0 5.80 2.30 .42
64.0 3.40 2.10 .62
66.0 3.80 2.00 X
68.0 4.40 1.80 .41
70.0 3.40 1,10 .32
72.0 2.10 1.30 .62
74.0 2.40 1,50 .63
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TABLE 35 (Continued)

ﬂrequen Input Output

C.pP.8,
76.0 3.30 1,78
78.0 4.60 2.20
80.0 4.50 2.40
82.0 7.50 3.20
84.0 1.30 1.70
86.0 3.50 2.30
88.0 3.40 2,70
90.0 4.40 2.70
92.0 4.70 1.60
94.0 2.40 « 50
96.0 3.10 44
98.0 4.80 .63
100.0 7.00 .68
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TABLE 36

DAVI O ISOLATED PLATFORM TRANSMISSIBILITY TEST DATA

3-INCH LATERAL OFFSET CENTER OF GRAVITY
ISOLATED WEIGHT, 150 POUNDS

Frequenc Input Output Qutput
(c .qp.s ; H p Input
5.6 17.50 28,50 1.63
5.8 19,50 35.00 1.79
6.0 22,80 45,00 1,97
6.2 25,50 58.00 2,27
6.4 27.50 72,00 2,62
6.6 24,00 77.00 3.21
6.8 17.00 69.00 4,06
7.0 10,50 $7.00 5.43
7.2 7.60 46,00 6.05
7.4 5.60 37.00 6.61
7.6 5.60 28,50 5,09
7.8 7.10 25.00 3.52
8.0 8,50 20,50 2.41
8.2 10,50 17.50 1,67
8.4 12,70 14,50 1.14
8.6 13,00 12.60 .97
8.8 14,00 11,580 .82
9.0 15.00 9.70 .65
9.2 16.50 8.00 49
9.4 17.80 6.40 « 36
9.6 18.80 §5.50 29
9.8 20.00 4.40 22
10.0 21,50 3.20 .18
10,2 23.00 .46 .02
10.4 23.00 1.62 .07
10.6 35.00 1,75 07
10,8 26,00 2.10 .08
11,0 28.00 2.80 .10
11.3 30.00 2.95 .1C
11.4 29,00 3.90 .13
11.6 30.00 4.50 .15
11.8 31.00 $.20 .17
12.0 32.00 5.90 .18
12.5 34.00 7.50 22
13,0 36.00 8.60 24
13,5 35.00 10,70 .31
14.0 36.00 45,00 1.25
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TABLE 36 (Continued)

Frequency Input Output Quiput
(c.p.s.) Input
14.5 34.80 17.50 .50
15.0 31.50 16.40 .52
15.5 30.00 12,10 .40
10,V LY .V 11,00 .U
16.5 26,00 11,00 .42
17.0 24.50 10.50 .42
18.0 20,50 9.30 .45
19.0 17.50 8.20 .47
20,0 15.00 7.20 .48
22,0 12.70 7.50 .09
24,0 13.09 9.50 .73
26.0 9.60 6.70 .70
28.0 7.80 5.30 .68
30.0 6.50 4.70 72
32.0 5.60 4,00 oL
34.0 4.40 3.50 .80
36.0 4.10 3.60 .88
38.0 4.20 3.90 .93
40,0 4,00 4,00 1.00
42,0 3.80 4.00 1,05
44 .0 3.20 4,10 1.28
46 .0 3.40 3.80 1.12
48.0 4,40 4.20 .95
50.0 3.50 3.50 1.00
52.0 4.40 4.40 1,00
54.0 6.50 10.50 1.62
56.0 9.80 11.00 1.12
58.0 9.00 10.90 1.21
60,0 5.50 6.30 1.15
62.0 7.20 4.90 .68
64.0 8.20 3.75 .46
66.0 10,60 3.18 .30
68.0 13.30 3.30 .25
70.0 13.50 4,50 .33
72.0 15.20 4,50 .30
74.0 27.00 5.80 .21
76.0 30.50 5,55 .18
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TABLE 36 (Continued)
OQutput

Frequenc Input Output
(c -% .8, )y P P Input
78.0 32.00 4,78 .15
80.0 29,00 3.90 .13
82.0 32.00 3.90 .12
84.0 32.00 4.90 .15
86.0 36.00 5.90 .16
88.0 30.00 6.70 .22
90.0 42,00 9.50 .23
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TABLE 37

DAVI & ISOLATED PLATFORM TRANSMISSIBILITY TEST DATA
3-INCH LONGITUDINAL OFFSET CENTER OF GRAVITY

ISOLATED WEIGHT, 130 POUNDS
Frequency Input Output Qutput
(c.p.s.) Input
5.0 9.70 13.50 1,39
5.2 10.90 15.80 1.45
5.4 12.50 18.50 l1.44
5.6 14,10 22,30 1,58
5.8 15.90 28.00 1.76
6.0 19,00 34.00 1.79
6.2 20,00 44.00 2.20
6.4 22.00 57.00 2,59
6.6 19,50 59.00 3.03
6.8 13.30 51.50 3.87
7.0 8.55 42,50 4.97
7.1 12,50 38.50 3.08
7.2 6.40 34.00 5.31
7.4 6.10 26,50 4.34
7.6 5.60 23,00 4.11
7.8 5.65 19.00 3.36
7.9 5.49 16.60 3.02
8.0 6.75 15.50 2.30
8.2 8.00 12.40 1,85
8.4 9.60 10.30 1,07
8.6 9.80 7.70 79
8.8 12.60 11.40 .91
9.0 14.20 11.70 .82
9.2 16.00 12,00 75
9.4 14,20 8.80 .62
9.6 15,50 6.80 .44
9.8 16,50 5.10 .31
10,0 17.80 3.85 22
10.2 18.80 4.70 .03
10.4 31.00 1.00 .03
10.6 21,50 .95 .04
10.8 35.50 1.60 .05
11.0 37.00 2,40 .07
11.2 38.00 3.40 .09
11.4 38.00 4.40 .12
11,6 41.00 3.70 .14
11.8 43.00 6.80 .16
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TABLE 37 (Continued)

Qutput

ﬁﬁ:&:ﬁ:ﬁ Input Output Teput
12.0 43.00 7.70 .18
12.5 45.00 9.70 .22
13.0 47.00 11.50 .25
13.5 34.00 8.70 .26
14.0 36.00 9.50 .26
14.5 35.50 10.10 .28
15.0 36.00 10.10 .28
15.5 34.00 9.80 .29
16.0 31.50 17.00 .19
16.5 33.00 17.50 .26
17.0 30.50 11.70 .38
18.0 26.50 9.50 .36
19,0 23.00 8.00 .35
20,0 20.00 6.90 .35
22.0 32.40 25,50 .79
24,0 15.80 10.70 .68
26.0 12.40 7.50 .61
28.0 5.40 5.50 1.02
30.0 9.10 4.35 .48
32,0 8.20 3.67 .45
34.0 7.20 3.18 .44
36.0 6.60 3.06 .46
38.0 6.10 2,75 .45
40.0 5.40 2.50 .46
42,0 5.10 2.25 .44
44.0 4.60 1,98 .43
46.0 4.10 1,78 .43
48.0 3.60 1,25 35
50.0 3.10 1.10 .35
52.0 2.55 2,10 .82
54.0 10,70 14.70 1,47
56.0 6.90 9,20 1.34
58.0 4,85 5.80 1.19
60.0 4.20 4.50 1,07
62.0 3.70 3.90 1,05
64.0 3.70 4,20 1.14
66.0 3.80 3.70 .98
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TABLE 37 (Continued)

Output
Frequenc Output
(c.g.s.)y - g Input
68.0 3.40 4.40 1,30
70.0 4.60 4.00 .87
72.0 3.20 3.40 1.06
74.0 4,20 5,20 1,324
76.0 5.10 5.00 1.00
y 78.0 6.20 5.40 .87
' § 80.0 9,40 6.65 71
¢ 82.0 12,80 7.50 .59
i 84.0 16,00 7.80 .50
{ 86.0 18,00 5.80 .32
s g 88.0 19.40 4.75 .25
] 90.0 4.40 4.10 .93
£ i
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3-INCH LATERAL OFFSET CENTER OF GRAVITY
ISOLATED WEIGHT, 200 POUNDS

TABLE 38
DAVI O ISOLATED PLATFORM TRANSMISSIBILITY TEST DATA

J

Output

F uenc Input Output S pus

. 5.5y P P Toput
5.C 1.60 3.30 2.06
5.2 2.20 5.20 2.36
5.4 2.30 6.50 2.83
5.6 1.20 4.50 3.7%
5.8 .55 2.90 5.30
6.0 .21 3.10 10.00
6.2 .09 1.60 17.80
6.4 .18 1.30 7.20
6.6 .30 1.10 3.66
6.8 .42 .95 2.27
7.0 .51 .79 1.58
7.2 .62 .69 1.12
7.4 .71 .59 .75
7.6 .80 .59 .74
7.8 .90 .48 . X
8.0 .97 .48 .50
8.2 .95 .45 .47
8.4 1.10 .33 .30
8.6 1.10 .45 .41
8.8 1.10 .40 .36
9.0 1.30 .35 .a7
9.2 1.40 .28 .20
9.4 1.60 .21 .13
9.6 1.70 .16 .09
9.8 1.80 .09 .05
10.0 2.00 .03 .01
10.05 2.00 .007 .002
10.2 2.10 .08 .02
10.4 2.30 .11 .05
10.6 2.50 .18 .07
10.8 2.60 .35 .10
11.0 2.80 .31 .11
11.2 3.00 .38 .13
11.4 3.20 .45 .14
11.6 3.30 .91 .16
11.8 3.50 .59 .17
12.0 3.50 .63 .18
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TABLE 38 (Continued)

Output

) 5 c..q:.‘ln. y Input Output Tnput
12.8 3.50 .71 .20
13.0 3.30 .75 .23
13.8 2.80 .70 .25
14.0 2.30 .65 .28
14.8 2.20 .59 .27
15.0 2.10 .59 .28
16.0 1.60 .52 .33
17.0 1.20 .45 .38
18.0 1.00 .45 .45
19.0 1.20 .34 .28
20.0 1.20 .32 .27
23.0 .90 .28 31
24.0 .72 .26 .36
as.0 .62 .24 .39
26.0 .59 .27 .46
38.0 .50 .30 .60
30.0 4.00 2.60 .65
32.0 3.20 2.48 .78
34.0 3.50 2.10 .60
36.0 3.40 2.05 .60
38.0 3.20 2.30 .72
40.0 3.00 2.50 .83
42.0 2.95 2.60 .88
44.0 2.28 2.60 1.16
46.0 3.70 2.60 .96
48.0 2.65 2.90 1.09
50.0 2.55 2.85 1.12
52.0 3.10 2.70 .87
54.0 3.40 4.30 1.26
56.0 2.90 3.10 1.07
58.0 3.10 2.40 77
60.0 3.50 2.20 .63
63.0 4.50 2.70 .60
64.0 4.50 4.20 .93
66.0 4.90 3.70 .76
68.0 8.00 4.20 .84
70.0 4.60 4.70 1.02
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TABLE 38 (Continued)

Output

o 3 Input Output Yoput
72.0 7.80 4.30 1)
74.0 9.00 4.10 . 46
76.0 10.50 4.50 .43
78.0 10.40 4.70 .48
80.0 10.80 5.20 .48
82.0 11.50 5.70 .50
84.0 11.00 5.90 .94
86.0 11.20 6.20 .58
88.0 9.20 6.70 .13
90.0 12.70 7.60 .60
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TABLE 39

SERIES-DAMPED DAVI
ISOLATED PLATFORM TRANSMISSIBILITY TEST DATA

CENTRAL CENTER OF GRAVITY

ISOLATED WEIGHT, 150 POUNDS

Frequency Input Output Qutput
(c.p.s.) Input
5.0 1.30 1.80 1.38
5.2 1.40 2.20 1.57
5.4 1,70 2.80 1.65
5.6 2.00 3.50 1.75
5.8 6.50 13.50 2.08
6.0 8.50 21.00 2.47
6.2 8.00 25.00 3.13
6.4 6.00 23.00 3.83
6.6 3.40 18.00 5.29
6.8 1.40 13.50 9.64
6.9 0.50 11.50 23.00
7.0 0.49 10.00 20.40
7.2 1.20 8.80 7.33
7.4 1.85 7.20 3.89
7.6 2.50 6.20 2.48
7.8 3.00 5.20 1.73
8.0 3.60 4.50 1,25
8.2 4.20 4.00 .95
8.4 5.00 3.40 .68
8.6 5.20 3.00 .58
8.8 4.40 2,60 .59
9.0 16.00 6.00 .38
9.2 17.00 5.00 .29
9.4 18.00 4.00 .22
9.6 20.00 3.00 .15
9.8 21.00 1.90 .09
10.0 22.00 1.00 .04
10.1 23.00 .65 .03
10.2 23.00 .60 .03
10.4 25.00 1.40 .06
10.6 25.00 2.20 .09
10.8 27.00 3.20 .12
11.0 28.00 4.00 .14
11.2 28.00 4.60 .16
11.4 28.00 5.50 .20
11.6 29.00 6.20 .31
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TABLE 39 (Continued)

F 1 t Output Qutput
npu u
(x;o.qpu.e.n.c)y e . Input
11.8 30.00 7.00 .23
12.0 30.00 7.80 .26
12.5 32.00 10.00 .31
13.0 31.00 10.50 .34
13.5 30.00 11.00 .37
14.0 27.00 10.50 .39
14.5 25,00 11.00 .44
15.0 24.00 12.00 .50
15.5 21.00 11.00 .52
16.9 18.00 10.50 .58
16.5 16.50 9.80 .09
17.0 15.00 9.50 .63
17.5 14.00 9.00 .64
18.0 12.50 8.50 .68
18.5 12.00 8.20 .68
19.0 11.00 8.00 .73
19.5 10.00 7.80 .78
20.0 8.00 7.50 .94
22.0 5.00 6.80 1.36
24.0 2.30 6.20 1,88
26.0 1.70 6.20 3.65
28.0 3.00 6.00 2.00
30.0 2.70 6.00 2.22
32.0 4,40 6.20 1.4}
34.0 6.80 6.50 .96
36.0 10.00 7.00 .70
38.0 13.00 7.80 .60
40.0 17.00 8.50 .50
42.0 19,50 8.50 .44
44.0 20.00 7.20 .36
46.0 18.00 5.80 .32
48.0 16.00 4,80 .30
50.0 14.00 3.70 .26
52.0 12.00 2.90 .24
54.0 11.00 2.50 .23
56.0 10.00 2.10 .21
58.0 8.80 1.85 .21
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TABLE 39 (Continued)
Frequency Input Output Sut put
(c.p.s.) Input
60.0 8.00 1.70 .21
62.0 7.50 1.20 .16
64.0 6.80 1.10 .16
66.0 6.50 1.00 .15
68.0 6.50 1.00 .15
70.0 6.00 .90 2158
72.0 4.50 .80 .18
74.0 5.50 .75 .14
76.0 4.70 .68 .15
78.0 4.00 97 .14
80.0 3.40 .50 .15
82.0 11.50 .65 .06
84.0 9.50 .62 .07
86.0 8.50 .60 .07
88.0 8.00 .60 .08
90.0 7.00 .60 .03
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TABLE 40

SERIES-DAMPED DAVI 7V
ISOLATED PLATFORM TRANSMISSIBILITY TESY DATA
CONSTANT VERTICAL EXCITATION (10.4 C.P.S.)
VARIABLE LATERAL EXCITATION
CENTRAL CENTER OF GRAVITY
ISOLATED WEIGHT, 158 POUNDS

Output

npu ut
rce.%u.esn.c)y Input Outp Taput
5.0 22,00 .50 .02
5.2 20,00 .45 .02
5.4 22.00 .90 .02
5.6 21.00 .48 .02
5.8 21,00 .48 .02
6.0 21,00 .48 .02
6.2 21.00 .90 .02
6.4 20,00 .95 .03
6.6 20,00 .65 .03
6.8 22,00 .70 .03
7.0 22,00 .70 .03
7.2 22.00 75 .03
7.4 22.00 .80 .04
7.6 21.00 .68 .03
7.8 22,00 .78 .04
8.0 22,00 .78 .04
8.2 22,00 .85 .04
8.4 22.00 .98 .04
8.6 25.00 1,00 .04
8.8 22.00 .70 .03
9,0 21.00 .08 .03
9,2 20,00 .08 .03
9.4 21,00 .60 .03
9.6 22.00 .60 .03
9.8 20,00 .70 .04
10.0 25.00 .70 .03
10,2 25,00 .70 .03
10.4 23.00 1) .02
10.6 25,00 .85 .03
10.8 20,00 98 .03
11.0 22,00 .70 .03
11,5 22.00 .68 .03
12,0 22,00 .70 .03
12,5 22,00 .60 .03
13.0 24.00 .95 .04
14.0 25.00 1,70 07
15,0 22.00 1.30 .06
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TABLE 40 (Continued)

Output

Frequenc Input Output

(c.p.8) . e Toput
16.0 22,00 1.00 .05
17.0 22,00 .95 .04
18.0 22,00 1.00 .05
19.0 22.00 1.00 .05
20.0 22.00 .90 .04
22,0 22,00 .80 .04
24.0 21.00 .70 .03
26,0 20,00 .70 .04
28,0 21.00 .78 .04
30.0 25,00 .80 .03
32.0 23.00 .90 .04
34.0 21,00 .98 .05
36.0 21,00 1.50 .07
38.0 21,00 1.70 .08
40,0 22.00 1.50 .07
42,0 23,00 1.30 .06
44 .0 22,00 .95 .04
46 .0 22,00 .90 .04
48,0 22,00 .90 .04
$0.0 22,00 .70 .03
52.0 22,00 .80 .04
54.0 24,00 .70 .03
56.0 31.00 .70 .02
58.0 40,00 .70 .02
60,0 45,00 70 .02
63.0 55,00 3.60 .07
64.0 58.00 4.50 .08
66.0 30,00 .85 .03
68.0 29,00 .80 .03
70.0 31.00 .70 .02
72.0 33.00 .70 .02
74.0 36,00 .80 .02
76.0 38.00 .80 .02
78.0 42.00 .85 .02
80.0 47.00 .88 .02
83.0 50,00 1,00 .02
84.0 $52.00 £ .01
86.0 60,00 .88 .01
88.0 61,00 .99 .02
90,0 31.00 78 .02

206

e e -




IOOr-

VARIABLE LATERAL EXCITATION
CENTRAL CENTER OF GRAVITY
ISOLATED WEIGHT, 158 POUNDS
REFERENCE TABLE 40

10 -

CONSTANT VERTICAL EXCITATION (10.4 C.P.S.)
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Figure 87, Response Curve for Series-Damped
DAVI 9 Isolated Platform
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TABLE 41!

SERIES-DAMPED DAVI 2
ISOLATED PLATFORM TRANSMISY IBILITY TEST DATA
SIMULTANEOUS VERTICAL AND LATERAL EXCITATION
CENTRAL CENTER OF GRAVITY
158-POUND ISOLATED WEIGHT

Frequen Inpu Qutput
(A XN P ERERE Toput
g.g 3.30 .65 .20
. .00 .90 .30
5.4 3.00 1.15 .38
5.6 3.50 .55 .16
5.8 3.80 o715 .20
6.0 4.00 1.10 .28
6.2 4.00 1.30 .33
6.4 3.10 1.40 .4l
6.6 5.00 1.30 .26
6.8 6.00 1.00 .17
7.0 7.80 1.00 .13
7.2 7.80 1.00 .13
7.4 7.00 1,00 .14
7.6 5.90 .85 .14
7.8 6.10 .80 .13
8.0 5.70 .78 .14
8.2 6.50 .85 .13
8.4 8.80 .70 .08
8.6 5.50 .42 .08
8.8 8.80 .70 .08
9.0 6.00 .45 .08
9.2 5.20 .42 .08
9.4 4.70 .40 .09
9.6 4.50 .42 .09
9.8 4.40 .42 .10
10.0 4.40 .39 .09
1002 4.40 .35 .08
10.4 4.40 .34 .08
10.6 4.50 .40 .09
10.8 4.60 .34 .07
11.0 4.80 .35 .07
il.2 4.80 .35 .07
11.4 4.50 .35 .08
11.6 4.80 .36 .08
11.8 4.80 .40 .08
12.0 4.70 .48 .10
13.0 11,20 .95 .09
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’ TABLE 4! (Continued)

. OQutput

' !‘&e.cbu.e.nsy Input Output Toput
14.0 11.00 1.30 .12

‘ 14.5 11.00 1.40 .13

15.0 10,00 1.30 .13

16.0 8.50 1.05 .12

17.0 7.50 .88 .12

f 18.9 7.00 .88 .13
19.0 5.50 1.05 .19

20.0 4.50 .78 .17

' 24.0 4.20 .50 .12
28.0 6.00 .55 .09

32.n 11.50 1.50 .13

; 36.0 14.00 1.30 .09
40.0 10.00 1.30 .13

44.0 9.50 .70 .07

48.0 7.50 .60 .08

52,0 7.00 .50 .07

\ 56.0 12,00 .35 .03
58.0 18.00 .36 .02

60.0 19.00 .50 .03

61.0 24.00 2.10 .09

62.0 25.00 2.40 .10

64.0 29.00 4.20 .14

66.0 40.00 2.50 .08

68.0 12.00 .80 .07

70.7 12.00 .85 .07

72.0 12.00 1.20 .10

74.0 13.00 1.10 .09

76.0 15.00 1.50 .10

: 78.0 17.00 1.40 .08
I 80.0 19.00 1.10 .08
. 82, 19.00 1.00 .08
84.0 18.00 .80 .04

86.0 17.00 .60 .04

88. 14.00 .50 .04

80,0 11.00 .43 .04
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100 ~
SIMULTANEOUS VERTICAL AND LATERAL EXCITATION
CENTRAL CENTER OF GRAVITY
ISOLATED WEIGHT, 158 POUNDS
REFERENCE TABLE 41
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Figure 88. Response Curve for Series-Damped

DAVI 9 Isolated Platform
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TABLE 42

SINGLE DAVI O TRANSMISSIBILITY TEST DATA
ISOLATED WEIGHT, 35 POUFDS

Outgut
Output

% S P Tnput

. 1.30 3.00 2.31

. 1.40 3.50 2.50

. 1.50 4.00 2.67

d 1.60 4.90 3.06

. 1.60 6.50 4.06

. .22 6.90 31.36

.33 5.90 17.88

.68 4.70 6.91

.90 3.70 4.11

1.10 3.00 2.73

1.20 2.40 2.00

: 1.38 1.90 1.41

. 1.50 1.50 1.00

b ad X XXX N N ¥ Y RURIRPRPIPKY. ¥. ¥. ¥. X-
=ONRANOOAANOOIANODOANODAAND

. 1.60 1.20 .75
. 1.63 .90 .55
. 1.75 .69 .39
. 1.80 .50 .28
‘ 1.90 .37 .20
. 1.90 22 .12
. 2.00 11 .06
10. 2.00 01 .007
10. 2.10 09 .04
10. 2.10 16 .08
10. 2.10 .23 .11
10, 2.15 .39 .14
11. 32.20 .35 .16
11.2 2.20 .40 .18
11.4 2.20 .44 .30
11.6 2.2 48 .22
11.8 2.20 50 .33
13. 2.20 55 .35
12.5 32.20 .61 .38
13.0 3.20 .68 .31
13.8 3.20 .70 .32
14.0 2.20 72 .33
14.5 2.20 75 .34
18.0 3.1% .78 .36
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TABLE 42 (Continued)

PR
CaORC8oBARRAGERES
cococooocooo00000000

Input Output
2.10 78
2.10 79
2.05 78
2.00 79
1.95 75
1.90 75
1.85 75
1.80 75
1.70 .75
1.70 .72
1.60 70
1.50 69
1.40 65
1.30 62
1.20 60
1.15 59
1.10 57
1.05 55
1.00 55

.98 .55

.65 .42

.68 .35

.79 .35

.95 .32

.60 .15

.70 58
1.20 .48
1.88 .40
32.00 .40
2.30 .34
2.80 .32
2.70 .23
2.20 .09
2.10 .07
1.60 .18
1.50 .17
1.30 .17
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TABLE 12 (Continued)

——

———

Output
Frequeuc Input Output 2O PUL
(<:.c=).s.)y B L Input
57.0 1.00 .21 .21
60.0 .78 .23 .30
62.0 .62 .24 .39
64.0 .52 .27 .52
66.0 .50 .23 .46
68.0 .45 .17 .38
70.0 .34 .16 .47
72.0 .21 .16 .76
74.0 .12 .15 .13
76.0 .18 .25 1.39
78.0 .25 .35 1.40
80.0 . 40 .38 .95
82.0 .70 .36 9y |
84.0 1.10 .33 .30
86.0 1.25 .27 .22
88.0 1.15 .31 .18
90.0 1.00 .19 .19
92.0 .88 .18 .30
94.0 .78 .16 .21
86.0 .79 .16 .20
98.0 .95 .13 .14
100.0 1.05 .08 .08
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Figuvre 89, Response Curve for Single DAVI G
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TABLE i3

CONVENTIONAL ISOLATOR TRANSMISSIBILITY TEST DATA
CENTRAL CENTER OF GRAVITY
ISOLATED WEIGHT, 153 POUNDS

——————— —_————
Frequency Input Output Qutput
(c.p.s.) Input

5.0 5.30 7.00 1.27
5.2 6.00 8.20 1.37
5.4 6.50 9.80 1.81
5.6 7.50 11.30 1.83
5.8 8.50 13.00 1.83
6.0 9.50 16.00 1.68
6.2 11.00 19.00 1.73
6.4 12.00 23.00 1.92
6.6 13.00 27.00 2,08
6.8 13.00 29.00 2.23
7.0 11.50 28.00 2.44
7.2 10.80 25.00 2.38
7.4 10.00 25.00 2.50
7.6 7.%50 22.00 2.93
7.8 6.00 19,00 3.17
8.0 4.0 17.00 3.78
8.2 3.5 15,00 4.29
8.4 2,50 13.50 5.40
8.6 1.80 12,00 6.67
8.8 1.15 11.50 10,00
9,0 .70 10,50 18,00
9.1 .78 10.00 13.33
9.4 .85 9.20 10.82
9.6 .98 8.80 9.26
9.8 1.20 8.00 6.67
10.0 1.40 7.80 5.87
10.2 1.70 7.30 4.24
10.4 1.90 7.00 3.68
10.6 2.10 6.80 3.24
10.8 2.30 6.30 2.83
11,0 2,60 6.00 2,31
11.3 3.70 8.00 3.16
11.4 3.80 7.80 1,97
11.6 4.00 7.30 1.80
11.8 4.00 7.00 1.78
12.0 4.00 6.80 1.70
13. 7.80 6.30 .81
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TABLE 13 (Continued)
Output
Prequenc Input Output

(c.%...)! 4 - Input
13.0 7.50 6.00 .80
13.5 7.50 5.20 .69
14.0 7.50 5.00 .67
14.5 8.00 4.80 .60
15.0 8.00 4,50 . 56
15.5 8.50 4,30 <5l
16.0 9.00 4.00 .44
16.5 9,50 4.00 .42
17.0 9,80 3.60 .37
T . € 10,00 3.50 .35
18.0 10,50 3.30 .31
18.5 11,00 3.20 .29
19.0 11.50 3.20 .28
18,5 12,00 3.00 .25
20,0 12,00 2,90 .24
22.0 15.00 2,60 17
24.0 17.00 2.30 14
26,0 19,00 2.10 .11
28.0 21.00 1,70 .08
30.0 24.00 1.40 .06
32,0 30.00 1.20 .04
34.0 20.00 .80 .04
36.0 27.00 .48 .02
38,0 18,00 .85 .05
40.0 7.80 .15 .10
42.0 7.80 15 .10
44 .0 8.50 1.20 .14
46 .0 8,00 75 .09
48.0 7.80 .9C .15
50.0 7.20 1.20 17
52.0 7.00 1.20 .17
54.0 7.00 1.15 .16
56.0 7.00 1.10 .16
58.0 7.00 .95 .14
60.0 6.80 .80 .12
62.0 6.50 .60 .09
64.0 6.00 .50 .08
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TABLE 43 (Continued)

OCutput
Frequenc Input Output SUTRME
(c 0%030 )y p p Inp“t
66.0 5.60 .45 .08
68.0 5.50 .40 .07
70.0 5.00 .35 .07
72.0 4,80 .40 .08
74.0 4,50 .45 .10
76.0 3.80 .35 .09
78.0 3.00 .30 .10
80.0 7.50 .25 .03
82.0 10,00 oD .03
84.0 9.50 .20 .02
86.0 8.00 25 .03
88,0 7.00 30 .04
90,0 6.50 25 .04
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DAVI Isolated Pilot Seat

Upon completion of the formal testing, instruments were
mounted on the input and output side of the DAV]I OC
isolated platform to visually obtain the effects on in-
strumsent isolation. Figures 91 and 92 show the results

of a.5-g and 1.0-g input, respectively. It is seen from
both figures that the instrument mounted on the output
side of the DAVI platform is easily read with no noticeable
evidence of vibratory input. The instrument located on
the input side of the DAVI platform is starting to blur at
.5-g and is noticeably blurred at 1.0-g input, making
reading of the instrument very annoying. It should be
noted that the instrument on the input side has much
larger figures than that on the output side, making it
easier to read. An instrument with smaller figures would
make it virtually impossible to read accurately at these
vibratory inputs.

A pilot seat was then mounted directly on top of the

DAVI O isolated platform as illustrated in Pigure 93. This
was done for coanvenience rather than redesigning the system
to incorporate a seat without the top platform. PFigure 94
illustrates the ease at which the tuning of the DAVI could
be accomplished for the purposes of this experimental
testing. For a fimalized design, the DAVI would be t.rned
inward, thus reducing the envelope required.

Pigure 95 shows a 150-pound man sitting in the DAVI O
isolated seat being subjected to a 1.0-g input at 10.5
c.p.s. It is seen that there is no notigeabdble vioiation

on the occupant or on the seat, and over 98-percent
isolation was obtained. Various individuals, ranging

from a 105-pound secretary to a 220-pound test pilot were
tested in the seat. The results were all the same as in-
dicated in Pigure 95. The tuned frequency was not affected
by the variation in weight, and over 98-percent isolation
was obtained.

Handwriting samples were also taken of the individuals
seated on the DAVI isolated seat, while being subjected

to a 1.0-g input. The handwriting, when compared to that
taken with zero input, was essentially identical. However,
handwriting done with a 1.0-g input and the DAVI's

“shorted out" was unreadable.
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The results of this testing show the feasibility of the
DAVI configuration to isolate from low frequency excitation

cargo pallets and pilot and passenger seats in which the
weight varies.
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Figure 93.

DAVI & Isolated Platform
and Seat Installation
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Figure 94.

DAVI & Isolated Platform
and Seat Installation
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DAVI PLATFORM SHOCK TERSTING

Drop tests of the finalized DAVI X design were conducted '
on the sawme platform that was used in the transmissibility
tests. A description of this platforms is given in the
preceding section. These drop tests were conducted on 12
and 13 April 1965, at Barry Controls, Watertown, Mass-
achusetts, utilizing their drop test equipment and in-
strusentation.

[ o

-l

The test equipment used was the VP-400 varipulse machine,
which is a free-fall type of mechanical shock test machine
in which peak '"g" values are obtained by varying the
height of the drop. For these drop test results, a half
sine wave 0of twenty-millisecond duration was used as the
ioput. Input peak "g'" levels were varied from 5-g to
15-g.

Figure 96 shows an overall installation of the DAVI X
isolated platfora and the instrumentation used to record
the results. Input and output accelerometers located on
the base of the drop test machine and on top of the DAVI
platforms, respectively, were fed into a dual beam scope,
the results being recorded on film. PFigure 97 shows a
close-up of the DAVI O igolated platform installation.

The purpose 0of these drop tests was to determine the shock

transmissibility characteristics of the finalized DAVI o&X

design. However, since the analysis given earlier in this

report shows the DAVI, for a step velocity input, to have

better shock characteristics than a conventional isolator

with the same spring rate; drop tests of a conventional

spring-mass system were done by removing the DAVI's to

corroborate the theory. Pigure 98 shows the installation

of a conventional spring-mass system in the drop test

machine. 4

Drop tests of the DAVICX igolated platform were made with

0, 40, 100, and 200 pounds on the platform. Drop tests

were also done with a 300-pound isolated weight, having

a 3-inch center of gravity offset. Pigures 99 ani 100 ;
show the installation of the 100-pound and 200-pound

neutral center of gravity, respectively. Figure 101 shows

the installation of the 200-pound with a 3-inch offset.



Table 44 gives a complete tabulation of the 60 drop tests
done. Figures 102 to 112, inclusive, saow the results

of the 200-pound drop tests. Only the 200-pound drop test
results are shown, since this was the design weight of

the DAVI X isolated platform and since this was the most
critical. Pigures 102 to 106 show the results for the DAVI
C< isolated platform with 200-pound neutral center of
gravity for inputs from 5.5-g to 15-g. Pigures 107 to 110
give the results of the 200-pound, 3-inch offset center of
gravity on the DAVI & jisolated platform for inputs ranging
from 5.5-g to 11-g. Pigures 111 and 112 show the results
of the normal spring-mass system with 200-pound, 3-inch
offset center of gravity for inputs of 12-g and 15-g
respectively.

From the inspection of the results, it is seen that the
DAVIOC configuration gave shock isolation for all cases
and that, although a pivot arrangement is used in the
DAVI, there is no indication of a ''short circuit"; that
is, the inability of bar and piveot to react which would
give a high amplitude, short-duration shock transmission.
However, a further inspection of the results, when compared
to the norsal spring-mass system, shows the DAVI to have
two modes of motion, a low frequency fundamental mode of
approximately 8 to 10 c.p.s. and a high frequency mode
of 60 to 70 c.p.s. The normal spring-mass system has
only one mode of 14 to 15 c.p.s.

This low frequency mode on the DAVI is the normal mode
expected for the DAVI X configuration. The high frequency
mode, although not totally verified, appears to be a
bending mode of the inertia bar.

The results of the drop test can be best summarized in a
table in which the shock tranemissibility is obtained

by dividing output by input. Only the results from
figures having the ordinate of 20 milliseconds/block are
used so that both the low and high frequency mode of the
DAVI can be obtained. This summary is shown in Table 45,
where it is seen that excellent shock characteristics
were obtained for the fundamental mode of the DAVI. The
data in the table also confirmed the theoretical results,
which showed the DAVI to be superior to the conventional
spring-mass isolator in shock isolation performance. A
short duration, higher amplitude shock was transmitted;
however, this had a transmissibility which was always
less than one. This appears to be associated with a
flexural mode of the inertia bar. This was partially
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verified in which an unrecorded shake test of the inertia
bar as a cantilever was done. It had a natural frequency
of 63 c.p.s. This is essentially the high frequency
obtained in the drop tests.

In the experimental design for this prcgram, no consider-
ation was given to the flexural dynamics of the bar. It
appears that this high mode could be eliminated by stiffer
design of the inertia bar; however, further analytical

and experimental tests would be required.
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Figure 97. Drop Test Installation -
DAVI & Isolated Platform
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TABLE 44

ISOLATED PLATFORM SHOCK TEST DATA
VERTICAL CALIBRATION (G'S PER MAJOR DIVISION)
HORIZONTAL CALIBRATION (MILLISECONDS PER MAJOR DIVISION)

Record Vert. Horiz. Load Platfors Isolation
No. Cal. Cal. (Lb) Configuration
1 2 20 40 DAVI O
2 2 20 40 DAVI o<
3 2 20 40 DAVIG
4 2 20 0 DAVIoc
5 2 20 0 DAVIa
6 2 20 0 DAVI
7 2 20 0 Spring-mass system
8 5 20 0 Bottom plate only
9 S5 20 0 Bottos plate only
10 5 20 0 Spring-mass system
11 5 10 0 Spring-mass system
12 5 10 40 Spring-mass system
13 S 10 40 Spring-mass system
14 L 20 40 Spring-wass system
18 L) 20 40 DAVI
16 5 10 40 DAVIc
A7 10 10 40 DAVIcc
18 10 10 40 DAVIK
19 10 10 40 DAVICC
20 10 ) 40 PAVIg
21 10 5 40 DAVIcx
a2 . 20 40 DAVIX
a3 S 20 40 DAVICK
4 S a0 40 DAVI
a5 L) 20 40 DAVIC
26 S 20 40 DAVIC
27 5 20 40 DAVIC
a8 5 ) 40 DAVI
20 S 80 40 DAVIC
30 5 20 100 Both pick-ups on table
3 S 20 100 Spring-mass systes
32 L) ) 100 Spring-sass systes
33 S 20 100 Spring-sass systes
34 8 20 100 DAVIoC
33 ] ) 100 DAVIc
36 5 ) 100 DAVIC
37 8 ] 100 DAVIC
38 8 20 100 DAVIc
3 .3 L) 100 DAVI&
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TABLE 44 (Continued)

Record Vert. Horiz. Load Platform Isolation

No. Cal. Cal. (Lb) Configuration

40 S5 20 100 DAVICX less inertia bar

41 S 5 100 DAVIC less inertia bar

42 5 20 100 DAVICC inertia wgt.
inboard

43 L) S 100 DAVIS inertia wgt.
inboard

44 5 20 200 DAVI o

45 5 20 200 DAVI

46 5 5 200 DAVI «

47 5 20 200 DAVI

48 S S 200 DAVI

49 S 20 200 DAVI

850 2.9 5 200 DAVI

81 2.5 20 200 DAVIc , offset c.g.

52 ) 20 200 DAVI , offset c.g.

83 .3 S 200 DAVIXC , offset c.g.

54 S S 200 DAVICC , offset c.g.

1.3 S L) 300 DAVIX , offset c.g.

56 S L) 200 DAVIX , offset c.g.

57 .3 20 200 Spring-mass, offset c.g.

58 S L) 200 Spring-mass, offset c.g.

59 S 20 200 Spring-mass, offset c.g.

60 ) L] 200 Spring-mass, offset c.g.

———— 3
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lgure 102, DAVIQ Isolated Platform Drop Test
200-Pound Central Center of Gravity
5-1/2-g Input

Figure 103. DAVI<C Isolated Platform Drop Test
200-Pound Central Center of Gravity
7-g Input
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Figure 104, DAVI O Isolated Platform Drop TesL

200-Pound Central Ceunter of
=g Input

Figure 1005, DAVI OF Isolated Platform Drop
200-Pound Central Center ot Groa:
ll=g Input
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DAV X Isolated Platform Dro iy
200-Pound Central Center of Gravity
15=-g Input
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Figure 107, DAVI O Isolated Platform Drop Test
200-Pound Offset Center of Gravity

5-1/2-g Input
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Figure 1086, DAVI K Isolated Platform Dro ,
200-Pound Cffset Center ol Gravii
10=g Input

Figure 109. DAVI &€ Isolated Platform Drop Test
200-Pound Offset Center of Gravity
10=-g Input
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Figure 110. DAVI &K Isolated Platform Drop Test
200-Pound Offset Center of Gravity
ll=g Input

Figure 111. Spring-Mass Isolated Platform Drop Te:st
200-Pound Offset Center of Gravity

12-g Input
241



Figure 112. Spring-Mass Isolated Platform Drop i
200-Pound Offset Center of Gravity
15-g Input
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TABLE 45
SUMMARY OF TRANSMISSIBILITY TEST RESULTS

e ———
S

PLATPORM TRANSMISSIBILITY
ISOLATION (OUTPUT/INPUT)
FIGURE CONFIGURATION C. G. LOW MODE HIGH MODE
103 DAV] o Neutral . 387 .715
104 DAVI oS Neutral .312 .782
108 DAVICC Neutral 227 .820
108 DAVICC Neutral .268 .800
107 DAVIC 3" Offset .338 .565
100 DAVI K 3" Offset .350 .700
111 Spring-Mass 3" Offset 458 ———-
112 Spring-Mass 3" Offset .433 o=

_—— ——— ]




FATIGUE STRENGTH OF DAVI MODELS

The crucial items in the DAVI models are the flexural
cross-spring pivots shown in Pigure 115. Except for the
coil springs, these pivots are the only components sub-
Jected to oscillatory flexure while under a steady load.
The flexural pivots are utilized in such a manner that
they will be the highest stressed components in the DAVI,

Largely because of the extensive empirical stress investi-
gations and lengthy analyses that would be necessary 1if

an entirely new flexural pivot design were to be used in
the DAVI, it was decided to use commercial flexural pivots
on which there was an existing body of qualifying fatigue
data.

The Utica Division of the Bendix Corporation empirically
obtained the curve shown in Figure 113 for the type of
flexural pivot used in the DAVI. This pivot was decided
uponr after several lengthy discussions between Kaman en-
gineers and Bendix stress engineers. The type of loading
wvhich resulted in the curve in Pigure 113 is not precisely
representative of the loading condition of the DAVI pivot,
primarily in that the vertical radial loading is oscilla-
tory in the DAVI while the curve is based on steady
vertical radial loading. It was the opinion of Bendix en-
gineers, based on previous experience, that the curve was
sufficiently representative for the magnitudes of DAVI
vertical loads. Independent testing at Kaman confirmed
their expectations.

Because the ''dead load' on the DAVI units is carried by
the coil spring, the vertical radial load on the pivots

is vibratory, and the magnitude of this load is a function
of the vibratory angle and the DAVI spring rate. The line
relating vibratory angle to vertical load is drawn on
FPigure 113, and it is seen that this line intersects the
indefinite life curve (determined by Bendix) at slightly
under six degrees.

To assure sufficient fatigue data, Kaman tested seven DAVI
models, including twenty-eight pivots, in fatigue. The
results of this testing, shown in S-N form in Pigure 114,
indicate that the Bendix curve is sufficiently accurate

for this application.
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The dashed line in Figure 114 shows the vibratory angle
above which $9,.87 percent of expected failures would occur,
This line was calculated by subtracting three times the
standard deviation of the vibratory angles of failed units
from a mean line through the points. This line appears to
asymptoticnlly approach a vibratory angle of six degrees,
vhich agrees quite well with the endurance limit of approxi-
mately six degrees as found using PFigure 113,
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14 ~ PIVOT DIAMETER = 0,625 INCHES
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Figure 113, PFatigue Characteristics of DAVI Flexural Pivots
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CONCLUSIONS

Ao

From the results of analysis and model testing, the follow-
ing conclusions can be made:

1. Correlation of the analytical and test results was
excellent.

2. The Dynamic Antiresonant Vibration Isolator configura-
tion (DAVI & ), analyzed and tested under this contract,

is capable of over 98-percent isolation at its tuned
frequency.

3. To obtain a 98-percent isolation at 10.5 c.p.s. on a
conventional isolation system would require a static de-
flection of over 20 times that obtained on the DAVI CX
configuration.

4, The test results of a normal spring-mass system of ~
essentially the same spring rate show an amplification

of 10 at the same frequency that the DAVI ¢ had 98-percent

isolation. /

5., The analysis and test results show that the amount of
weight on the DAVI & platform or on the DAVI isolated seat
did not chinge the tuned frequency or appreciably affect
the amount of isolation, thus showing the capability of the
DAVI as an isolation system for cargo pallets or pilot and
passenger seats on which the isolated weight would vary.

6. Analysis and test showed that the DAVI < gave high
frequency transmissibility approaching a finite value of less
than 1,0 and can be designed to be less than 0.2,

7. In the process of testing, the weight of the DAVI OC
was reduced by approximately 50 percent by changing the
ratio of R/r, thus showing the DAVI can be designed very
efficiently to give a minimum weight penalty.

8. Anslysis and test show that the Series-Damped DAVI
(DAVI 77 ) is capable of 98-percent isolation at the tuned
frequency of 10.5 c.p.s. and high frequency isolation
approaching zero as in a conventional isolator.
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9. Analysis and test show that the DAVI O has better
shock transmissibility characteristics for its fundamental
mode than a conventional isolator with the same spring

rate.,

10. Analysis and test on the effects of damping in the
pivots show that minimum damping gives the best isolation.
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RECOMMENDATIONS

Results of the studies made under the contract lead to
several recommendations, from which improved DAVI charac-
teristics may be derived.

1. A flight test program should be conducted on the DAVI
platform and/or on a DAVI isolated copilot's seat installed
in an Army CH-47 or UH-1 helicopter to determine its opera-
tion under an actual vibratory environment,

3. Further analyses and drop tests should be conducted to
determine more precisely the source of the high frequency
shock transmitted by the present DAVI configuration of this

contract and to determine design weans of eliminating this
undesirable characteristic.

3. It is also recommended that both an analytical and
model test parametric study be made on the present DAVI
configuration (DAVI &' ) to determine the relationships
among normalized frequency, high frequency transmissibility,
bar mass and inertia, isolated mass, static deflection, and
antiresonant frequency.

4. Both an analytical and a model test program should

be conducted for a two-dimensional nonisotropic DAVI O
configuration.

8. It is suggested that both an analytical and model test
program be considered on three other arrangements of pivots
in the DAVI coanfiguration, designated the DAVIG , DAVI 7V,
and DAVI o, which retains the desirable features of the
DAVI & and obtains high frequency isolation approaching
zero as in a conventional isolation system.
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